THE JOURNAL 


OF 


BONE AND JOINT SURGERY 


BRITISH VOLUME 
Vol. 39-B, 1957 


PUBLISHED IN LONDON BY MESSRS E. & S. LIVINGSTONE LTD. 
AMERICAN VOLUME PUBLISHED AT 8 THE FENWAY, BOSTON, MASS. 








te 











R 
— 
eo 
rs 
= 
R 
— 
R 

















THE JOURNAL OF BONE AND JOINT SURGERY 


Representing the 
Science and Practice of Orthopaedic Surgery 


OFFICIAL PUBLICATION OF THE 


British Orthopaedic Association 


Australian Orthopaedic Association 


Canadian Orthopaedic Association 


New Zealand Orthopaedic Association 


South African Orthopaedic Association 


American Orthopaedic Association 


American Academy of Orthopaedic Surgeons 


American Society for Surgery of the Hand 


Editor-in-Chief 
WILLIAM A. ROGERS 


British Editor 
Sir REGINALD WATSON-JONES 


American Editor 
WILLIAM A. ROGERS 


EDITORIAL BOARDS 


British Editorial Board 


Sir WALTER MERCER, Chairman 
H. JACKSON BuRROwS, Deputy Editor 
J. CRAWFORD ADAMS, Assistant Editor 
PHILIP WILES, London, Treasurer 
J. M. P. CLARK, Leeds, England 
T. J. FAIRBANK, Cambridge, England 
ALEXANDER GILLIES, Wellington, N.Z. 
D. J. GLISSAN, Sydney, Australia 
D. LL. GRIFFITHS, Manchester, England 
A. R. HAMILTON, Sydney, Australia 
RosBerT I. Harris, Toronto, Canada 
A. J. HeLret, Cape Town, S. Africa 
K. I. NIissEN, London, England 


H. OsMOND-CLARKE, London, England 
ROBERT ROAF, Oswestry, England 
EDOUARD SAMSON, Montreal, Canada 
JOSEPH TRUETA, Oxford, England 
DENYS WAINWRIGHT, Stoke, England 


American Board of Associate Editors 


WILLIAM A. RoGerRs, Chairman 
CHARLES O. BECHTOL, Los Angeles 
FRreDerIC C. Bost, San Francisco 
Davip M. BosworTH, New York 
JONATHAN COHEN, Boston, Mass. 
S. BENJAMIN FOWLER, Nashville 
J. LEONARD GOLDNER, Durham 
Davip S. Grice, Boston, Mass. 
GEORGE HAMMOND, Boston, Mass. 
CHARLES H. HERNDON, Cleveland 
ALVIN J. INGRAM, Memphis 
CLAUDE N. LAMBERT, Chicago 
Leo S. Lucas, Portland, Oregon 
MICHAEL L. MASON, Chicago 
JOHN RoyAL Moore, Philadelphia 
D. O’DonoGHuE, Oklahoma City 
ROBERT D. Ray, Seattle 
R. P. SCHWARTZ, Rochester, N.Y. 
HAROLD A. SOFIELD, Chicago 
V. P. THompson, N. Hollywood 
H. H. YounG, Rochester, Minn. 








exiie: 


sa ao ae 





Aad ak. 


ibid 


5 A LA AD AAATMES ww 





British Orthopaedic Association 
NORMAN CAPENER, President 

T. J. FAIRBANK, Editorial Secretary 
J. I. P. JAMEs, Secretary, 

45 Lincoln’s Inn Fields, London, W.C. 2 


Canadian Orthopaedic Association 

F. P. DEwArR, Chairman 

ULRIC FRENETTE 

D. CooPpER JOHNSTON 

W. R. Harris 

WILLIAM B. MACKINNON, Secretary, 
661 Broadway, Winnipeg, Manitoba 


Australian Orthopaedic Association 

T. KiNG, Melbourne, President 
WARWICK STENING, Sydney, Edit. Sec. 
F. H. McC. CALLow, Secretary, 


141 Missenden Road, Camperdown, Sydney, 
New South Wales 


New Zealand Orthopaedic Association 
H. WALDEN FITZGERALD, Dunedin 


ALLAN MACDONALD, Auckland, Vice-Pres. 


ALAN ALLDRED, Dunedin, Sec.-Treasurer 


N. W. Nisset, Editorial Secretary 
Dunedin Hospital, Dunedin, C. 1, New Zealand 


EDITORIAL COMMITTEES 






American Orthopaedic Association 
American Academy of Orthopaedic Surgeons 


Board of Trustees 


ROBERT W. JOHNSON, Jun., Chairman 
JAMES S. SPEED, Vice-Chairman 
EDWARD L. ComPERE, Secretary 
Davip M. BosworTH, 7reasurer 
WILLIAM A. Rocers, Editor 

Guy A. CALDWELL 

KEENE O. HALDEMAN 


American Society for Surgery of the Hand 
J. EDWARD FLYNN, President 
GEORGE V. WEBSTER, President Elect 
GEORGE S. PHALEN, Secretary Treasurer, 
2020 East 93rd Street, 

Cleveland, 6, Ohio 


South African Orthopaedic Association 
A. J. HELFET, President 
SIDNEY SACKS, Treasurer 


GEORGE DomMISssE, Secretary, 
303 van Riebeck Medical Buildings, Schoeman Street, 
Pretoria, South Africa 


Published in the United Kingdom for 


THE BRITISH EDITORIAL SOCIETY OF BONE AND JOINT SURGERY LIMITED by 
E. & S. LiviNGsTONE LTD., 16-17 Teviot Place, Edinburgh 
British Editorial Offices, 82 Portland Place, London, England 
British Editorial Office Telephone No.: Langham 1378 


Published in the United States of America by 


THE JOURNAL OF BONE AND JOINT SURGERY INCORPORATED 


American Editorial Offices, 8 The Fenway, Boston, Massachusetts, U.S.A. 





2 VAS RP NN pA SEE LEP SRT 8 FPL RIOT EERE SS 
. ean ads crea Sei fe td a ? Pa AN Pb “ we 
















CONTENTS 


British Volume, 39—B, 7 


Editorials and Annotations 


Appraisal of the Vascular Factor in the Healing of 


Fractures of the Femoral Neck ' J. Trueta, Oxford 
Robert Jones (1857-1933) . ‘ ; ‘ 4 ; ‘ : Editor 
Amputations. : ; : ‘ : : — ! Cinmnie ‘larke, London 
Osteochondritis Dissecans_ . : ; ; . Norman Roberts, Liverpool 
Edward Gallie—Seventy-fifth Birthday : , i ; Editor 
The Treatment of Pertrochanteric Fractures . ; . Norman Capener, Exeter 
Lord Nuffield. : ; : Editor 
Treatment of Congenital Dislocation of the Hip . David Trevor, London 
The Maintenance of Traumatic Arterial Spasm . D.LI. Griffiths, Manchester 


Clinical Studies 


Primary Instability of Lumbar Vertebrae as 
a Common Cause of Low Back Pain ; , . Francis P. Morgan and 
Thomas King, Melbourne 


Fracture-dislocations of the Cervical Spine. . F.C. Durbin, Exeter 
Pseudohypoparathyroidism . .T. W. Howat, Glasgow, and G. M. Ashurst, Grimsby 
The Treatment of Displaced Fractures of 

the Neck of the Femur by Compression . . John Charnley, Manchester, 


N. J. Blockey, Glasgow, and 
Derek W. Purser, Manchester 
Partial Synovectomy and Curettage in the 


Treatment of Tuberculosis of the Hip. M. C. Wilkinson, Black Notley 
The Thenar Flap : ‘ ‘ ; . Adrian E. Flatt, lowa City 
Some Observations on Congenital Dislocation 

of the Head of the Radius. : ‘ . D. E. Caravias, Athens 
Tuberculous Tenosynovitis . ; . H. Pimm, Riatiitiiei and W. Waugh, Oxford 
A Sweat Gland Tumour of the a ‘ , . C.M.C. Potter, Wolverhampton 
Persistent Foetal Alignment of the Hip. ; E. W. Somerville, Oxford 


Bankart’s Operation for Recurrent 
Dislocation of the Shoulder . J. W. Dickson, Sheffield, and M. B. Devas, Hastings 


A Case of Pollicisation of the Index Finger . : ; . C.C. Jeffery, Exeter 
Morton’s Metatarsalgia due to Cavernous Angioma . Thomas A. Berry, Durham 
Replacement of Biceps Brachii by Pectoralis Minor Transplant E. Spira, Tel-Aviv 
Subtotal Removal of the Scapula for Aneurysmal Bone Cyst . E. S. James, Winnipeg 
A Simple Prosthesis for Rural Amputees G. M. Miiller, Colombo 
A Prosthesis for Tetraplegics G. M. Bedbrook and W. A. Doyle, Perth, Western Australia 
Amputation Stumps . ; ; H. E. Harding and R. Langdale-Kelham, London 


Vii 


Page 


179 
218 
219 
435 
436 
609 
611 
613 


66 
80 


86 
9] 
102 
106 


114 
120 
124 
126 
128 
131 
132 
221 


VOLUME CONTENTS 


Preparation of the Amputee and Stump 


for Limb Fitting . ; ; R. Langdale-Kelham and F. S. Cooksey, London 
Krukenberg-Putti Amputation-plasty  . ‘ 5. : Raffaele Zanoli, Bologna 
The Prosthetic Management of Congenital 

Deformities of the Extremities : : F ‘ D. S. McKenzie, London 
Treatment of Osteochondritis Dissecans : ; . I. S. Smillie, Dundee 
Osteochondritis Dissecans in Association with — on . John White, Glasgow 
Osteochondritis Dissecans of the Hip . . M. Guilleminet and J. M. Barbier, Lyon 


Subluxation of the Inferior Radio-ulnar Joint 
Complicating Fracture of the Radial Head A. McDougall and J. White, Glasgow 


Rheumatoid Arthritis Presenting as Tenosynovitis . . J. H. Jacobs, E. V. Hess and 
Isobel P. Beswick, London 
Dysplasia Epiphysialis Punctata . ‘ : . A. G. Karlen, Singapore, and 


J. A. P. Cameron, Saskatoon 
Fatigue Fractures of the Lower Tibia and 


Fibula in the Same Leg ‘ ‘ ; . David S. Murray, Falkirk 
The Torn Acetabular Labrum ‘ ; : lan Paterson, Fife 
Fracture-dislocation of Hip with Client of i Fragment 

into Acetabulum during Closed Reduction : ; . C.C. Jeffery, Exeter 
Familial Osteodystrophy of the Skull and Face ; E. C. H. Lehmann, Vancouver 


Dystrophia Myotonica Associated with Familial Paget’s 
Disease (Osteitis Deformans) with Sarcomata . J. E. Caughey, J. F. Gwynne and 
N. R. Jefferson, Dunedin 


Treatment of Tuberculous Sinuses and Abscesses 


of Osteoarticular Origin : B. Mukopadhaya and N. K. Mishra, Patna 
Forward Dislocation of the Elbow without 

Fracture of the Olecranon . : : . D. E. Caravias, Athens 
Drop-foot Appliance with Concealed Serine . : , . W. H. Tuck, Stanmore 
Incomplete Spinal Cord Injuries . ' R. G. Taylor and J. R. W. Gleave, Oxford 
The Moe Plate in Intertrochanteric 

Fractures of the Femur ; y ; J.C. Kennedy, R. M. McFarlane and 


A. D. McLachlin, London, Ontario 
Congenital Deformity of the Carpus Associated 


with Maldevelopment of Certain Thenar Muscles. . 7. Hanley and 

 ?P. C. Conlon, She ffield 

Reduction of Smith’s Fracture. . F. Brian Thomas, Hereford 

Unreduced Anterior Dislocation of the Hip : ; . Gawad Hamada, Alexandria 

Arthrodesis of the Hip with a Lag-screw . G. K. McKee, Norwich 

Flexion-compression Injury of the Sternum . : ; .A, W. Fowler, Bridgend 

Aneurysm Complicating Traumatic Spondylolisthesis — . .P. N. Robson and 

Did. Tibbs, Newcastle upon Tyne 

Errors of Diagnosis Revealed at Meniscectomy , : George Murdoch, Dundee 
Anterior Dislocation of the Head of the Radius Asseciated with 

Undisplaced Fracture of the Olecranon in Children . . A.C. Hume, London 

Ainhum . : . ; G. Auckland, J. Ball and D. LI. Griffiths, Manchester 

Partial Cubo-navicular Coalition as a Cause of 

Peroneal Spastic Flat Foot . ‘ : ; : William Waugh, Oxford 

Multifocal Osteogenic Sarcoma . ; , : . C.H. G. Price, Bristol, and 

Douglas E. Truscott, Penzance 

Air Embolism as a Complication of Medullary Nailing . F M. A. Lécutier and 


A. H. Smith, Chesterfield 
Report of the Treatment of Experimental 


Fat Embolism with Heparin . : ; A. M. N. Gardner, Northampton, and 
M. H. M. Harrison, London 


Vili 


224 
230 


233 
248 
261 
268 


278 


302 
306 


310 
313 


316 


326 


334 
335 
438 


458 
463 
47 
477 
487 


498 
502 


508 
513 


520 














VOLUME CONTENTS 











Local Gigantism ; A. D. Charters, Nairobi 
Arthroplasty of the Hip ; ; ; ‘ ; . R.A. Denham, Pyrford, and 






































W. Alexander Law, London’ 614 
The Direct Approach to Congenital Dislocation of the Hip . £. W. Somerville and 
) J.C. Scott, Oxford 623 
Slipped Upper Femoral Epiphysis : : . H. Jackson Burrows, London 641 
The Results of Treatment of Slipped Femoral Epiphysis . J. E. Hall, Toronto 659 
The Use of Tibialis Posterior as a Dorsiflexor ; . D.R. Gunn, Singapore, and 
: B. D. Molesworth, Geneva 674 
) March Gangrene j ; ; . John P. Blandy, London, and 
Robert Fuller, Aldershot 679 
) Metaphysial Fractures in Infancy . ; . W.J. Weston, Lower Hutt 694 
7 Arthritis of Hip Complicating Osteitis Pubis . H. B. Coates Milsom and 
3 B. S. Rose, Rotorua 701 
Chondroblastoma (Codman’s Tumour) of the 
2 Thoracic Spine. ; ; : . Janusz Buraczewski, Janina Lysakowska 
6 ; and Witold Rudowski, Warsaw 705 
+ = The Relief of Traumatic Arterial Spasm in 
0 Threatened Volkmann’s Ischaemic Contracture P . A. Benjamin, London 7I\1 
3 4 Dislocation of the Shoulder Complicated by 
4 Complete Rupture of the Axillary Artery : ; Bertil Stener, Gothenburg 714 
} The Role of Abdominal Pressure in Relieving the 
6 : Pressure on the Lumbar Intervertebral Discs . D.L. Bartelink, London, Ontario 718 
| Posterior Dislocation of the Shoulder . , ‘ ‘ Stuart Scougall, Sydney 726 
6 | Excision of the Coccyx for Coccydynia . : ; : ; J. B. Pyper, Belfast 733 
Longitudinal Osteotomy of the Tibia. . O.R. Nicholson, Auckland 738 
34 |  Fracture-dislocation of the Lumbar Spine _. . D.E. Robertson, Galashiels 742 
35 Radial Nerve in Osseous Tunnel at Humeral 
38 ‘ Fracture Site Diagnosed Radiographically , , . H.L. Duthie, Glasgow 746 
Foramen in the Humerus caused by the Median Nerve . . Robert Roaf, Oswestry 748 
Variations in Joint Space of the Hip as Shown Radiographically G.P. Arden, Windsor 750 
51 Oligodactyly ; ; é Meredith Vaughan Jones, Port Dinorwic, North Wales 752 
An Adaptor for Extracting McLaughlin Nails . . J. N. Aston, London 755 
58 A Simple Harness for Cervical Manipulation. : J. N. Wilson, Stanmore 756 
63 
71 . P 
77 Pathology and Basic Sciences 
87 The Mechanical Basis of Bone Formation. R ; i J. H. Scott, Belfast 134 
198 Load Distribution in a Model of a Hip Joint. ; . H. Fessler, Nottingham 145 
02 Movements of the Lumbar Spinal Column. , ; David Allbrook, Kampala 339 
Intravascular Osteoclasts. ; . R.A. Sladden, Northampton 346 
508 The Normal Vascular Anatomy of the inion 
513 Femoral Head during Growth : ; . Joseph Trueta, Oxford 358 
Studies of the Vascularisation of Bone Grafts , . Gabriele Stringa, Florence 395 
520 The Reactions of Injured Human Articular Cartilage. J. W. Landells, London 548 
Femoral Growth after Occlusion of the Principal 
524 Nutrient Canal in Day-old Rabbits , ; . M. Brookes, Liverpool 563 
The Effect of Bone Bank Preservation on the 
534 Calcifying Mechanism . P ; . Leroy S. Lavine, Martin Burger 
and Albert E. Sobel, New York 758 
Vascular Changes after Interference with the 
538 Blood Flow of the Femoral Head of the Rabbit : . André Lemoine, Paris 763 


ix 










VOLUME CONTENTS 





Historical Reviews 


Robert Jones—Personal Appreciations: Sir Reginald Watson-Jones, Viscount Malvern, 
Lord Cohen of Birkenhead, Joel E. Goldthwait, Edward Gallie, Philip D. Wilson, 
Leo Mayer, Sir Fred E. Pritchard, Sir Thomas Fairbank, Bryan McFarland, Sir Max 
Page, George Perkins, St-J. D. Buxton, Alan S. Malkin, Norman Capener, Joseph 
Trueta, John Menzies, Goronwy E. Thomas ; 180 

Charles Bell Keetley (1848-1909) . : z f : ~ ie J. Harrold, Lentiin 572 












In Memoriam 





Alexander Gibson 
Selwyn B. Morris 







Honours to Orthopaedic Surgeons 


Sir Samuel Irwin, M.Ch., F.R.C.S. ; ‘ ; . : : ‘ ‘ : 784 
Professor J. Trueta, M.D., D.Sc., F.R.C.S. ; P ; F ; ; 784 













Councils and Associations 





Proceedings and Reports of Universities, Colleges, 































British Orthopaedic Association—Robert Jones Centenary Meeting, 1957. 579 
British Orthopaedic Association—Autumn Meeting, 1957 778 
South African Orthopaedic Association—Fifth Congress, 1956 159 
Australian Orthopaedic Association—Annual General Meeting, 1956 594 
Canadian Orthopaedic Association—Annual Meetings, 1956, 1957 791 F 
South-East Metropolitan Region Orthopaedic Club 2, 787 T 
South-West Orthopaedic Club 156, 788 A 
Irish Orthopaedic Club 159, 594 ° 
The Bone and Tooth Society 421, 591, 786 S 
North-West Metropolitan Orthopaedic Club . 422, 786 L 
East Anglian Orthopaedic Club . 422, 593 
Association of Surgeons of India—Orthopaedic Section . 163 O 

Italian Orthopaedic Association—1956 Meeting 165 
Belgian Orthopaedic Society—Announcement : ‘ . 424 Or 
Danish Orthopaedic Association—1955 and 1956 Micotings : -_ Ri 
Orthopaedic Association of the German Democratic Republic, 1957 Mestien 600 ks 
University of Liverpool—Degree of Master of Orthopaedic Surgery . 156 i Le 
University of Oxford—Nuffield Orthopaedic Centre 156 } Int 
Pr 
Canadian Orthopaedic Association—Election of Officers for 1956 163 : 
164 | Pol 


Holland—Progress in Orthopaedic Surgery ; ; 
Spain and South America—Revista de Ortopedia y Traumatologia . 165 | The 
Seventh International Cancer Congress—Announcement. 165, 425 | 
International Society of Orthopaedic Surgery and Traumatology -enananimant of H 

Seventh Congress, 1957 . 165 ; AC 
British Orthopaedic ‘Association — Announcement of Robert Jones Centenary Meeting 421 | Reh 


Travelling Fellowships in Orthopaedic Surgery—Announcement 421 

Italy—Tributes to Robert Jones and Vittorio Putti. 423 ; inju 

British Orthopaedic Association—Election of Officers, ienetadee Fellows, on “hit 
; ‘ 589, 783 


Fellows, Fellows, Members and Associates 





xX 







165 
421 
421 
423 
















| 
/ 
| 


VOLUME CONTENTS 


British Orthopaedic Association—Arrangements for Future Meetings 
Robert Jones Golf Competition ; 
Robert Jones Centenary Service in Liverpool Cathedral, — 1957 . 
Robert Jones Dining Club . , 

Denmark—Review of Orthopaedic Activities . 

British Orthopaedic Association Scholarship, 1958 . 


Announcements—Cases of Special Interest and Material for Clinical Remerch 600, 


Visit of American and Canadian Travelling Fellows to Great Britain 
The First Operation for Torn Cartilage of the Knee Joint 
Canadian Journal of Surgery 

China—Orthopaedic Surgery in Moun China 


Book Reviews 


Peripheral Nerve Injuries—H. J. Seddon (Editor) 
The Biochemistry and Physiology of Bone—Geoffrey H. Drover (Editor) . 


Bone Structure and Metabolism—G. E. W. Wolstenholme and Cecilia M. O° een 
(Editors) 


Living Bone in Health and Disease—Irvin Stein, Riniaeiad O. Stein ad Martin f. ‘Beller 


Peripheral Vascular Disorders—Peter Martin, R. Beverley Lynn, J. Henry Dible and 
Tan Aird (Editors) 


Neuro-vascular Hila of Limb Muscioo—James Comer Brash 


The Pathology and Surgery of the Veins of the Lower Limb—Harold Dodd nl Frank 
B. Cockett . 


Anatomical Tethalauce—D. ‘H. Tompeet : 
Training of the Lower Extremity Amuptec—Donald ion and Sten Renenin 


A Clinical, Pathological and Genetic Study of —* Neurofibromatosis—Frank W. 
Crowe, William J. Schull and James V. Neel 


Surgery of the Hand, Third edition—Sterling Bunnell 
Lesions of the Cervical Intervertebral Disc—R. Glen Spurling . 


The Treatment of Fractures, Volume I (Translated from the Thirteenth on edition) 
—Lorenz Béhler 


Operative Surgery, Volumes I, nt and 111—Charles Rob and eteey Smith (General 
Editors) - 


Outline of Fractures incheding Joint Injuticn—John Chaded Adame 

Relazione al XLI Congresso Della Societa Italiana di Ortopedia e Traumatologie— 1956 
Tumori Dello Scheletro—/. F. Goidanich ‘ 

| Tumori Metastatici Dello Scheletro—V. Pietrogrande 

Lectures on Orthopaedics and the Rheumatic Diseases— Marguerite Clark (Editor) 
Intra-osseous Venographies of Medial Fractures of the Femoral Neck—Anders Hulth 


Handbook on ee ee Trueta, A. B. Kinnier Wilson and Margaret 
Agerholm : ; 


Poliomyelitis—W. Ritchie eee. 

The Management of Fractures, Dislocations and Sprains, Sixth etition—John Albert 
Key and H. Earle Conwell 

Dorsal Acetabular Fractures of the Hip (Dashboard Peennia—the Wi aller 

\ Companion in Surgical Studies, Second edition—Jan Aird 


Rehabilitation Literature, 1950-1955— ~—— by Earl C. Graham and Marjorie M. 
Mullen . 


njuries of the Hand— Ronald fark 


-hirurgie Orthopédique des Sais ccaehinaad Merle a’ Aubigne, J. Dineney on J.- 0. 
Ramadier et al. . 


590 
590, 
590 
598 
600 
802 
784 
791 

800 
800 


166 
167 


168 
169 


170 
170 


171 
171 
172 


174 
174 
176 


176 


426 
428 
429 
429 
429 
429 
430 


431 
432 


432 
433 
433 


433 
601 


602 









VOLUME CONTENTS 


Compendio di Meccanica Articolare—Irnerio Forni and Osvaldo Cappellini 

Stress and Strain in Bones—F. Gaynor Evans . 

Rheumatic Diseases, Rheumatism and Articitis—Helwrich G. Daasdh 

Modern Trends in Neurology (Second Series)—Denis Williams (Editor) 

Surgery—W. G. Kerr . 

Positioning in Radiography, Seventh edition— _K. C. Clark 

Medical Negligence—The Right Hon. Lord Nathan with the collaboration of Anthony 
R. Barrowclough . 

Die Gesunde und Die Kranke Wirbelsdule i in Réntgenbild und Klinik, Fourth siti 
Georg Schmorl and Herbert — 

Die Diafixation—K. Pap P 

The Treatment of Fractures, Volume Il (Translated hom the Thirteenth Geran 
edition)—Lornez Bohler 

Artificial Limbs in the Rehabilitation of the Dissbied— R. D. lati Kihan et al. 

Fracture of the Vertebral End-plate in the Lumbar Spine—Olof Perey 

An Atlas of Muscle Pathology in Neuromuscular Diseases—J. Godwin Grengidld, G. 
Milton Shy, Ellsworth C. Alvord and Leonard Berg 

The Principles and Art of Plastic een Volumes I and II—Sir Harold Gillies eed 
D. Ralph Millard . 

Fractures of the Facial Skeleton—N. i ens and H. c. Killey et a 

Die Huftnahen Femurosteotomien—Maurice Edmond Miiller . 

Fluid Balance in Surgical Practice, Second edition—L. P. Le Quesne 

A Synopsis of Surgical Anatomy, Eighth edition—A. Lee McGregor 


Books Received . 






603 
603 
604 
604 
604 
605 


606 


607 
607 


608 
803 
803 


804 


805 
806 
806 
807 
807 





The Journal of 


Bone and Joint Surgery 














The Journal of 
Bone and Joint Surgery 


EDITORIALS AND ANNOTATIONS 


APPRAISAL OF THE VASCULAR FACTOR IN THE HEALING OF FRACTURES OF THE 
FEMORAL NECK 

Royal Whitman (1902) emphasised early in this century that what made fractures of the 
femoral neck so much less likely to heal satisfactorily than most other fractures was the 
difficulty in reducing and maintaining the apposition of the fragments for the required length 
of time. Since then this fundamental idea has been the main guide in the treatment of fractures 
of the femoral neck. The introduction by Smith-Petersen (1931) of his method of inserting the 
three-flanged nail under direct vision, and its modification by Sven Johansson (1932) to exclude 
hip arthrotomy, may all be considered as attempts to fulfil the aim originally established by 
Whitman. Many of the numerous modifications introduced through the years, as for example 
the use of multiple wire fixation by Moore (1934), may be seen as attempts to reach the same 
goal by other ways. 

That impaction of the fragments would further contribute to stabilisation of the fracture, 
and thus make easy its repair, was soon recognised, for it was thought that the main reason for 
the better prognosis of the abduction over the adduction fractures was the firm impaction of 
the former. It appears that Cotton (1911) was the first to recommend impaction of the 
fragments by hammering over the trochanter, but the method was not given a fair trial until 
Putti (1940) and Lippmann (1937) independently devised their methods of corkscrew bolts to 
make the fragments penetrate into each other. 

In this issue Charnley and his associates describe another procedure directed to exert a 
compression force across the fracture with the purpose of bringing about whenever possible a 
** first intention osseous union in every case in which the head was viable ’°—to use the words 
of the authors. That such ought to be the purpose of any new method devised for the treatment 
of fractures of the femoral neck will not be disputed, for the merits of any procedure in use are 
gauged by the frequency with which this aim is achieved. Unfortunately, experience has shown 
that the future of the femoral head—and frequently with it the destiny of the patient—depends 
primarily on the behaviour of the arterial supply to the head, so greatly exposed to severe 
damage either at the time of the accident or, on occasions, during treatment, particularly in the 
course of manipulating the fragments into acceptable position or in fixing them together with 
metallic devices. Moreover, we cannot dismiss the possibility of protracted vascular damage 
caused when the patient walks on a rarefied femoral head before bone replacement has 
re-established a trabecular structure that can carry the body load with full satisfaction. 

This trend of thought has enhanced the interest in the study of the finer details of the 
arterial pattern of the head and neck of the femur in adults and in senile life, and the consensus 
is that the calibre of the vascular lumen does not decrease with age, and that the blood supply 
through the ligamentum teres is as rich as ever, even in extreme age. What changes with the 
years is the density of the trabecular system of the femoral head and neck, which leaves them 
at the mercy of otherwise mild injuries, especially rotation and adduction strains. It is apparent 
that such osteoporotic bones, in breaking, will tear apart those vessels that may stand in the way, 
particularly those described under the name of external epiphysial arteries, seriously exposed 
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when the fracture line comes closer to the lateral side of the head or when an extreme degree 
of adduction has torn the lateral capsular attachment to the neck. This seems to us (1953) the 
most important factor conditioning the whole issue; but we must recognise that, no matter 
how good the blood flow reaching the fracture line may be, protection is needed for the new 
vessels of the callus to develop and ultimately bring about sound bone union. There are some 
grounds for believing that if an ischaemic head could be protected efficiently against crushing 
and the fracture well reduced and immobilised for many months—perhaps for over two years— 
it might finally become revascularised from across the old fracture line until it was strong enough 
to carry the body weight again. The well known case of Inclan (1942), who reported in his first 
account of the use of banked bone a perfect vascular penetration of the femoral head after more 
than a year of ischaemia, may serve as an example of this possibility. But very few are the 
ischaemic femoral heads that may be preserved from destruction in senile patients. 

As an understandable reaction, methods directed to determine from the early days whether 
the head is viable or not are being sought relentlessly, without waiting for the appearance of 
the relative increased density of the femoral head as a sign of its death. Unfortunately in this 
respect we are still unaided despite the encouraging efforts of Boyd (1955), Rook (1953), 
Miissbichler (1956) and others. 

Until a method is found that will allow us to assess from the beginning the viability of the 
femoral head we are compelled to treat all the fractures with a similar ruling whether the head 
is viable or not. The best method would appear to be that which offers the best chance of 
producing a reasonable callus in the shortest possible time in the greatest number of patients. 
In this respect the technique described in this issue may well be a valuable contribution, making 
allowances, as the authors wisely do, for the short time that the procedure has been under trial 
and the relatively small number of patients as yet available for examination. If the claims of 
the authors at the present time are substantiated by future work their contribution may be 
considered an outstanding one. In any case, it would be no small matter to have reduced the 
percentage of the authors’ failures from 50 per cent in their previous series with the standard 
Smith-Petersen nail to less than 20 per cent with their new compression device. 

It would be out of place here to discuss the mechanism by which compression may help. 
It is our impression that it does something more than immobilise the fragments. By devitalising 
a fine line of trabeculae from both fragments by their inter-penetration it may well be that 
compression stimulates vascular production and thus new bone formation. Whether the 
corkscrew and plate devised by Charnley and his colleagues causes always the appropriate 
amount of pressure to stimulate callus formation or whether on occasions it may prove to 
have an excessive pull considering the feebleness of some senile femoral heads is a question 
to be answered in the future. We will await with interest a report on the long-term results of 
this method. In the meantime, and even afterwards, it must not be forgotten that one of the 
main causes of failure in the treatment of fractures of the femoral neck is a technical fault such 
as inadequate reduction, whereby a gap is left between the raw surfaces of the fragments, or 
inadequate fixation by poor placing of the nail. J. TRUETA. 
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The object of this paper is to show that the so-called “ primary ” instability of lumbar 
vertebrae is perhaps the commonest cause of low back pain (Table 1). It records our experience 
of the pathological anatomy, clinical features and radiological signs of this malady; and also 
the results of treatment, including thirty spinal fusions. 

This is the form of lumbar vertebral listhesis that Junghanns (1930, 1932) described as 
a result of his experiences of spinal necropsies, and which he labelled ** pseudo-spondylolisthesis” 
because there was no neural arch defect. Goldthwait (1911), Johnson (1934) and Smith (1934) 
thought that this vertebral instability was an important cause of severe low back pain; and 
Stewart (1935) found that it existed in a high proportion of Eskimo skeletons. Hallgrimsson 
(1941) described the first laminectomy for lumbar instability between L.4-5. Knutsson (1944) 














































established the important significance of this lumbar vertebral instability by the routine use of 5 
lateral radiographic examinations of the spine in full flexion and full extension in the upright : 
position (Figs. | to 4). He revealed that the antero-posterior sliding could be shown long ne 
before there was any other radiological evidence of disc degeneration such as narrowing of ol 
the disc interspaces, sclerosis of the epiphysial rings of bone, marginal osteophytes, or 
** rounding ”’ of the anterior margins of the bodies. He thought that the instability was caused 
by “incipient disc degeneration’ of a special form that had been described by Luschka 
(1858) and by Schmorl and Junghanns (1932). This opinion was confirmed later by radiological 
examinations of numerous spinal specimens removed at necropsies by Friberg and Hirsch 
(1949), Friberg (1948), Lindblom (1948) and Harris and Macnab (1954). On repeated occasions L 


they found the coexistence of lumbar instability and a special form of disc degeneration, 
caused by injuries, in which the main features were splits and clefts between the lamellae and 
incomplete transverse or radial tears of the annulus fibrosus. These lamellar fissures and tears 
will be more fully described later. 

The so-called ** secondary ” lumbar vertebral instability can be demonstrated—as a rule 
in any disease or injury of the lumbar spine in which the disc is involved—as in osteoarthritis 
(a late result of multiple disc degeneration), spondylolisthesis (Meschan 1946) and in many 
patients with nuclear ruptures into the neural canal (Cloward 1952). Barr (1951) observed: 
** There is considerable evidence that an unstable spine is one of the common causes of an 
unsatisfactory result”; and for that reason he advised spinal fusion after all operations for 
nuclear prolapse. These secondary forms of instability are excluded from this paper, which 
deals only with the one form that occurs in the absence of any other radiological abnormality 
of the discs or vertebrae, except antero-posterior sliding. Admittedly, complete rupture of 
the annulus fibrosis with nuclear prolapse into the neural canal is an important cause of 
acute lumbo-sacral pain and sciatica; but lumbar instability—presumably caused by incomplete 
rupture of the annulus fibrosus by slits and tears—appears to be the commoner and consequently 
more important cause of a milder type of lumbo-sacral pain and sciatic neuritis (Table 1). 
Sometimes this pain is acute; and then it may be confused with the pain and sciatic neuritis 
that usually accompany a nuclear prolapse. 





Fig 

PATHOLOGICAL ANATOMY dis 

Schmorl and Junghanns (1932) described fourteen examples of “ pseudo-spondylolisthesis” 

among about 600 spinal specimens removed at necropsy and now preserved in the Dresden an 
Anatomical Institute. After removal of the whole spine a sagittal section was made with a 
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Fic. | Fic. 2 
Case 1. Figure 1—Woman of fifty-three with intermittent low back pain for ten years but no neurological 
signs. There is gross instability, with L.3 vertebra displaced 17 millimetres posteriorly on L.4 in full extension. 
The displacement was corrected on flexion. Oblique radiographs showed no neural arch defect. Figure 2 
Tracing of same radiograph. A line drawn along the front margin of an individual vertebral body should 
normally pass close to the upper and lower margins of the vertebrae immediately adjacent in either full flexion 
or full extension. The arrow points to the anterior displacement of the superior facet of L.4 vertebra, with 
consequent hour-glass constriction of the foramen. 
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Fic. 3 Fic. 4 
Figure 3—The normal range of extension of the lumbar spine with the pelvis fixed by sitting or standing is 
small, but radiographs in this position disclose any instability of the upper four lumbar vertebrae if there is 
disc degeneration. If instability is present the upper vertebral body slides backwards on the lower in full 
extension, except at the lumbo-sacral junction, where the reverse displacement may occur. Figure 4—The 
normal range of flexion with the pelvis fixed and the hips flexed to 90 degrees in the sitting position is small; 
and only eliminates the normal lumbar curve. In this position the posterior instability shown by extension 
tends to disappear and the vertebra may pass into the antero-position. 
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band saw. A lateral radiograph was then taken, with the cut surface facing the film in order 
to avoid distortion. In nine of these specimens the listhesis was between L.4—5. In all cases 
there was forward displacement of the upper vertebra upon the one immediately below— 
that is, “‘ anterior pseudo-spondylolisthesis ”’ with no neural arch defect at the pars 
interarticularis. Schmorl and Junghanns (1953) later added nine examples of “ posterior 
pseudo-spondylolisthesis ” in which the upper vertebral body was displaced posteriorly on 
the one immediately below. This is the usual displacement that is seen in the presence of 
instability of the upper four lumbar vertebrae (Knutsson 1944). 





Fic. 5 Fic. 6 
Case 2—Woman aged thirty-six with lumbo-sacral pain but no sciatica or neurological changes. Figure 5—Lateral 
radiograph in erect position but not in forced extension shows slight posterior sliding of L.4 vertebra on L.5. 
Figure 6—Seventeen years later (at age fifty-three) the instability between the two vertebrae has been followed 
by severe disc degeneration. The arrow points to a posterior osteophyte. Oblique views showed no neural 
arch defect. 


Friberg removed the sacrum and lumbar spine at a number of necropsies, and obtained 
radiographs of the lumbar spine in full flexion and extension, with the sacrum held in a vice. 
Afterwards he examined the discs, which were cut through horizontally with a knife. In this 
way he examined -500 intervertebral discs. In all the spines that showed post-mortem 
radiological evidence of instability, fairly widespread incomplete radial tears or crescentic 
fissures (Schmorl) between the lamellae were found. Lindblom (1948) showed these lamellar 
defects in the annulus by puncture and injection of opaque medium and radiography. As a rule, 
in the two lowest lumbar disc spaces, the radial tear starts at the nucleus and takes a sagittal 
path, backwards, across the inner lamellae, towards the thin and narrow posterior longitudinal 
ligament. But the ring of ten or twelve lamellae that constitute the annulus is not completely 
ruptured. Some of the coarser and peripheral lamellae resist the force, and they prevent the 
nucleus pulposus from protruding into the neural canal. The radial and antero-posterior 
tear may now extend laterally in a branched or “ 1” form and reaches on either side just 
in front of and lateral to both intervertebral foramina, where nerve root irritation may result 
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(Table II). These posterior tears of the annulus were well illustrated by Friberg and Hirsch 
(1949), Harris and Macnab (loc. cit.), Beadle (1931), and Schmorl and Junghanns (1932). 

In the upper lumbar discs (L.1—3) the degeneration more often takes the form of anterior 
semi-circular splits or crescentic fissures between the lamellae (Fig. 10). The “ brown 
degeneration ” (Schmorl) in these clefts or tears is a blood pigment. It is derived from bleeding 
of the spongy bone after rupture or “ zig-zag” tears of the cartilage plates (Schmorl). In 
the same way the nucleus itself may be discoloured (Harris and Macnab /oc. cit.). Fresh 
punctate blood spots indicate recent injury and bleeding from the spongy bone after rupture 





Fic. 7 Fic. 8 
Case 3—Man aged twenty-one with a two years’ history of low back pain and bilateral sciatica but no 
neurological signs. Figure 7—Radiograph in full extension shows that L.4 is displaced posteriorly on L.5. 
Note the anterior “ rounding” and slight lipping at the front and upper margin of L.4, indicating disc 
degeneration between L.3-4. If the anterior margins of the fifth lumbar vertebra and the sacrum are ignored 
and only the posterior margins are viewed, L.5 is apparently retroposed on the sacrum; but this is an illusion 
because the antero-posterior diameters of the two bodies differ—L.5 is 1 centimetre longer than S.1. Figure 8— 
Radiograph i in full flexion shows that the fourth lumbar vertebra had now moved forwards on the fifth. L.3 (not 
shown in Figure 7) has passed into the antero-position on L.4. The alignment of the anterior and posterior 
margins between L.5 and sacrum is unchanged. Oblique radiographs showed no neural arch defect. 


of the cartilage plates. These cartilage plates are very resistant to injury. They normally 
protect the spongy bone of the vertebral body, which has no end-plate of cortical or compact 
bone except the narrow epiphysial ring of bone to which the fibres of the outer lamellae are 
attached. 

CLINICAL FEATURES 


The characteristic features of the syndrome are low back pain with mild neurological 
symptoms but with few or no signs, and radiological evidence of antero-posterior instability. 
The following clinical features may point towards the diagnosis. 

Age—Patients are predominantly men in the third and fourth decades. 

Onset—This may be acute, but more often there is a history of several years of chronic pain 
interspersed with incidents of acute pain. If more than two vertebrae are unstable on each 
other, the back pain is more extensive and not so localised as in nuclear prolapse. Sciatic 
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pain is frequent. It is often bilateral but worse on one side, and it spreads widely over the 
buttocks and backs of the thighs. It seldom extends below the knee. It does not have the 
linear distribution of root pain and cannot be localised accurately by the patient. It may 
radiate to the inguinal and adductor regions. 

Effect of immobilisation and rest—As a rule rest affords relief; manipulation often makes the 
pain worse. In a severe case a brace or rest in bed may increase the pain (Macnab 1950); 
this is an indication for operation. The explanation appears to be that the patient is prevented 
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Drawings to show that the body of the fifth lumbar vertebra may be kidney-shaped whereas the body of the 

first sacral segment is oval (dotted outline in B). The antero-posterior diameter of the oval body of the sacrum 

is the same as that of the kidney-shaped body of L.5 only in the region of the “hilum.” The two “poles” 

of the kidney-shaped vertebra may lie behind the posterior margin of the sacrum in a lateral radiograph, thereby 

giving an illusion of retrodisplacement unless both the anterior and posterior margins of the vetrebrae are 
viewed and compared, and the antero-posterior diameters measured. (After T. A. Willis.) 


by a splint or bed rest from accommodating his spine by muscle co-ordination so that pain 
is avoided in a certain position. 

Neurological signs—Neurological signs are not so pronounced as in a case of nuclear prolapse; 
but if present and unrelieved they are the real indication for operation (Table II). If there 
are lateral extensions of the “‘ 1” tear the nerve entering the foramen may be irritated by 
bulging of the dise—Dandy’s (1941) “‘ concealed disc.” Pain is not appreciably affected by 
coughing or sneezing, and the straight leg raising test is negative. These are two important 
features in eliminating the diagnosis of nuclear prolapse. 

Local pain—There is tenderness on percussion over the affected vertebrae. Symptomatic 
pain may be caused by nerve root irritation caused by the instability or by bulging of the 
disc; but the lamellar tears themselves can cause pain—despite the absence of any nerve 
supply in the discs—if the cartilage plate is ruptured and the sensitive spongy bone exposed 
or injured, or if the tears are close to the peripheral attachment of the disc to the periosteum 
and epiphysial rings (osteophytic formation). 
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Spinal movements—The movements of the spine, as in touching the toes, are, if anything, 
increased except in an acute attack. Patients are aware of the ease with which they can touch 
their toes, as is the patient with true spondylolisthesis. The normal lumbar curve is present 
or exaggerated. This sign is a strong indication that a characteristic nuclear prolapse is absent. 


RADIOGRAPHIC EXAMINATION 
Right and left oblique radiographs exclude a defect in the neural arches at the isthmus 
between the superior and inferior articular processes (pars interarticularis). The antero- 
posterior instability is shown in the lateral radiographs of the spine in the erect (sitting or 
standing) positions, and in forced flexion and extension (Knutsson 1944). A true lateral 
projection cannot be obtained with the patient lying on the side (especially with the wide 





Fic. 10 


Horizontal section through intervertebral disc at L.3-4 showing an anterior 

concentric split or fissure filled with ** braune degeneration *’ (Schmorl). Post- 

mortem radiographs showed instability at this level. Man aged forty-four. 
(Necropsy by Dr H. Crock.) 


female pelvis) because this results in “* sagging ” and rotation, creating an illusion of posterior 
displacement and narrowing of the intervertebral disc space (Melamed and Ansfield 1947). 
Accurate centering is essential. 

In forced extension or flexion of the lumbar spine “there is normally no parallel dislocation 
of the vertebrae” (Hasner, Schalimtzek and Snorrason 1952, Knutsson 1944). The abnormal 
parallel or antero-posterior displacement of a vertebral body upon the one immediately below 
may be either forward (antero-position) or backwards (retroposition)—the anterior or posterior 
pseudo-spondylolisthesis of Junghanns. 

The flexion radiograph is made with the patient sitting on a table (Fig. 4). This eliminates 
90 degrees of hip flexion (normal 120 degrees) and the pelvis is fixed and prevented from 
rotating. The lateral radiograph in extension is better made with the patient standing, with 
the pelvis pressed against the edge of a table at the level of the lumbo-sacral junction to prevent 
rotation of the pelvis (Knutsson). With this technique any antero-posterior displacement of 
the vertebral bodies will be clearly shown. It is important to note that antero-posterior 
sliding of the fifth lumbar vertebra on the sacrum can hardly take place at any time, despite 
disc degeneration, because the articular processes between the fifth lumbar vertebra and the 
sacrum tend to look forwards and backwards (coronal plane), whereas in the other lumbar 
vertebrae the articular surfaces look outwards and inwards (parasagittal plane), a disposition 
that allows antero-posterior displacement if there is instability from disc degeneration. Even 
when gross disc degeneration is demonstrated radiologically at the lumbo-sacral level instability 
seldom exists, unless there is a subluxation at the apophysial joints from osteoarthritic 
degeneration or increased obliquity of the facets, or unless the facets tend to lie in the 
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parasagittal plane instead of in the coronal plane. Such instability, if it exists, is never so 
great as at the other lumbar intervertebral joints. In the rare cases in which the fifth lumbar 
vertebra is unstable on the sacrum, it moves forwards on the sacrum in extension (as in true 
spondylolisthesis) and backwards on flexion (Figs. 13 and 14). The direction of displacement 
is usually the reverse in the case of the upper four lumbar vertebrae. The commonest site 
of instability is between L.4—5, where the upper vertebral body moves backwards on the 
lower in extension and forward in flexion (Figs. 7 and 8). Less commonly the retroposition 
caused by extension becomes fully corrected by flexion or passes into a forward displacement. 
The reason why the fifth lumbar vertebra slips forwards on the sacrum in extension instead 





Fic. 11 Fic. 12 

Figure 11—The compass test is used when the posterior margins of L.5 vertebra and sacrum are obscured in 

hyperextension, as in this radiograph. Lines are drawn along the lower surface of L.5 vertebral body and the 

upper surface of the sacrum. They usually meet at the centre of the apophysial joints. Note that the arc of 

the circle passes through the front margins of L.5 and sacrum, indicating lumbo-sacral rotation but no 

instability. Figure 12—Radiograph of same patient showing :i<azly the posterior margins of L.5 and sacrum 
in full flexion. 


of backwards appears to be that the body and disc are wedge shaped (wider anteriorly), that 
the upper surface of ‘the first sacral vertebra slopes downwards, and that the pelvic ring 
cannot move because it is fixed by sitting or standing. In extension the disc space opens up 
anteriorly, but under normal conditions the posterior part of the disc cannot be appreciably 
compressed (Hirsch and Nachemson 1954). Narrowing of the posterior part of the disc 
space on extension suggests injury of the posterior fibres of the annulus. On the other hand, 
if there are anterior concentric fissures (Fig. 10) flexion causes narrowing of the disc space 
in front. 
ESTIMATION OF INSTABILITY 

Listhesis of the four upper lumbar vertebrae—A “step” or “ staircase’ effect is seen along 
the posterior borders of the affected vertebrae. The instability can also be demonstrated by 
drawing a line along the front border of each individual vertebral body. Instability exists 


THE JOURNAL OF BONE AND JOINT SURGERY 





SOA: sisal atte IE ental bn on 


Tite, feat cst 














if tl 
imr 
flex 
casi 
incl 
or ( 
Lu 
dis} 
pos 


Figui 
This 


| and f 


In ex! 


App: 


: of tl 


the s 
pati 
astri 
lumt 
flexis 
3 

the | 
How 
it wi 


VOL. 








SO 
bar 
rue 
ent 
site 
the 
ion 
nt. 
ead 


d in 
the 


c of 


rum 


hat 
ing 
bly 
lisc 
nd, 
ace 


ong 
by 
ists 


ERY 




















| 


Oa eates tetra 


PRIMARY INSTABILITY OF LUMBAR VERTEBRAE AS A COMMON CAUSE OF LOW BACK PAIN 13 





if the line does not pass close to the anterior lip of the vertebral body (epiphysial bone ring) 
immediately below and above it (Figs. 7 and 8). This test is accurate for most people in whom 
flexion and extension take place mainly at the lumbo-sacral junction. But in exceptional 
cases, such as acrobats and cortortionists, the movements of extension and flexion are greatly 
increased between all the lumbar vertebrae (Wiles 1935). In these circumstances the protractor 
or compass test (Figs. 11 and 12) is advisable. 

Lumbo-sacral function—Although instability is rare at the lumbo-sacral junction an apparent 
displacement is often reported incorrectly. The apparent displacement may be anterior or 
posterior. 





Fic. 13 Fic. 14 


+ Figure 13—Lumbo-sacral instability. The fifth lumbar vertebra has slid forward on the sacrum in full extension. 
| This is an uncommon site of lumbar instability. Note that the antero-posterior diameters of the fifth lumbar 
| and first sacral vertebral bodies are the same. Figure 14—The anterior displacement of the fifth lumbar vertebra 


in extension has almost disappeared on full flexion, Note that there is now forward displacement of L.3 vertebra 
on L.4 and also of L.4 on L.5. Oblique radiographs showed no neural arch defect. 


Apparent anterior displacement of L.5 vertebra on sacrum—The range of flexion and extension 
of the lumbar spine is comparatively small. The ability to touch the toes comes largely from 
the shoulders, long arms and flexion at the hips. Thus after fusion of the lumbo-sacral joint a 
patient may be able to touch his toes withease. In full flexion the lumbar vertebrae usually lie in 
a straight line, with noconcavity forwards (Charnley 1951). Flexion merely eliminates the normal 


| lumbar curve; but that range of movement is greater than extension (Figs. 3 and 4). In full 
+ flexion (Figs. 8 and 12) the anterior lip of the sacrum always lies immediately below that of 
| L.S vertebra; but in extension, with increase of the lumbo-sacral angle, the anterior lip of 
| the lower surface of L.5 may appear to have slid forwards 2-4 millimetres on the sacrum. 
| However, if comparison is made of the posterior outline of the column rather than the anterior, 
| it will be found that no displacement has in fact taken place. If the radiographs are poor 
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it may be difficult to see the posterior margins of these vertebrae, and instability may be 
mistakenly inferred from observation of the apparent movement of the anterior borders. In 
these circumstances the compass test (Figs. 11 and 12) will show whether there is abnormal 
sliding or only normal lumbo-sacral rotation. 

Apparent posterior displacement of L.5 vertebra on sacrum-—-The normal antero-posterior 


diameter of the fifth lumbar vertebra is commonly longer than that of the upper surface of 


the first sacral vertebra by 1-5 to 6 millimetres (Willis 1935). Retroposition of L.5 behind the 
sacrum is simulated if the L.5 vertebral body is kidney shaped and the upper surface of the 
first sacral vertebra is oval, or vice versa (Fig. 9). The antero-posterior diameter of the oval 





Fic. 15 Fic. 16 
Case 4—Patient aged fifty-two with intermittent low back pain for ten years. A recent acute attack of three 
months duration resolved with the use of a spinal brace. This is an example of multiple lumbar instability 
from L.2-4. Figure 15—In full extension there is posterior displacement of the upper on the lower vertebrae 
(especially between L.2-3), and “ anterior vertebral rounding.”” Arrows point to small osteophytes indicating 
anterior disc degeneration (probably of type shown in Figure 10). Figure 16—In flexion the posterior sliding 
has disappeared. Oblique views showed no neural arch defect. 


first sacral vertebra is the same as the antero-posterior diameter of the kidney-shaped body 
of L.5 in the vicinity of,the “hilum.” The two postero-lateral poles of the kidney-shaped body 
of L.5 will project behind the posterior border of the oval shaped surface of the body of the 
first sacral vertebra in a lateral radiograph (Figs. 7 and 8). Willis (1935) first pointed this 
out, and it was later confirmed by Fletcher (1947). Neither of these mistakes can occur if 
the anterior margins are compared when the spine is fully flexed. Their anterior margins 
show no movement forwards or backwards and apparent retro-displacement is now shown 
to be caused by unequal antero-posterior diameter. 


TREATMENT 
It is shown in Table I that in 500 consecutive patients with lumbo-sacral pain, instability 
of lumbar vertebrae was diagnosed in 143 (28-6 per cent) on clinical and radiological evidence. 
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(be @ As might be expected, gross disc degeneration was the next commonest cause because it is 
In a late result of the instability caused by lamellar tears. In this special group seventeen (12 per 
mal cent) were subjected to bone grafting after a preliminary hemilaminectomy or interlaminar 
approach to exclude a nuclear prolapse. The remainder were relieved by a spinal brace 
nor which was worn for three months, or until pain ceased. Operation is reserved for the very 
> of few intractable cases with neurological changes and with not more than two intervertebral 
the discs involved. 
the Operation—This is performed in the lateral position, the more painful side uppermost. The 
val following changes have been observed. 
TABLE I 
DIAGNOSIS AND SPINAL FUSIONS IN 500 CONSECUTIVE PATIENTS WITH LUMBO-SACRAL PAIN 
Cause Number per cent Spinal fusions 
of cases 
Unstable vertebrae 143 28°6 17 
Gross disc degeneration (radiography) . ; 111 a's 6 
Nuclear prolapse ‘ , ‘ ‘ : 85 17-0 8 
Spondylolisthesis ‘ i . ‘ , 50 10-0 7 
Osteoarthritis (late multiple disc degeneration) 23 46 
Old fracture ‘ ; ; ‘ ; ; 20 4-0 
Functional . } , : : ; 12 2°4 
Senile osteoporosis. : E ‘ : 17 3-4 
Tuberculosis. : : ; ; ; 11 2-2 2 
Ankylosing spondylitis ; ‘ ; ‘ 9 1-8 
Metastases : , . : - ; 8 1-6 
; Others. : ; ; 11 2-2 
500 100 40 (or 8°) 
Note: (1) The incidence of vertebral instability (28°6°,) and of its late result, gross disc 
degeneration (22°2°%), is fairly close. 
hree : f ; ; ; 
ility (2) There were forty (or 8°,) operations in 500 patients. 
orae 
ting 
jing 


Interspinous ligament—This may be “ crinkled” or * buckled,” or even completely severed 
(four cases). 
ody 7 The vertebral body—The spinous process is grasped by a rongeur and rocked forwards and 


ody 4 backwards and upwards and downwards to determine whether there is any antero-posterior 
the { sliding. Normally, only very slight movement is possible. 
his i The ligamentum flavum—The interlaminar tissue opposite the affected disc is always slack and 
é if @ hypertrophied. It forms foldsand bulges backwards between the laminae with movements of the 
ins | slipping vertebra. This favours a complete or incomplete interlaminar approach to the disc. 
wh When the blunt ends of heavy scissors are inserted in the interlaminar space, instability may 
; be shown in an upward and downward direction. 
: The apophysial joints—In cases of listhesis there is instability at the apophysial joints but 
i this is secondary to the “ primary ” disc degeneration. In later cases, herniation of thickened 
lity 4 synovial membrane through tears in the thin capsule may be evident: osteoarthritic changes 


ice. are late. 
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TABLE II 
RESULTS OF LAMINECTOMY PLUS BONE GRAFTING (THIRTY OPERATIONS) FOR UNSTABLE LUMBAR VERTEBRAE 


(Listnesis or Instability Associated with a Disc Prolapse, Spondylolisthesis, 
Osteoarthritis, or Gross Degeneration, etc., is Excluded) 

































































Case ike Length of es Neurological Radiographic 
number Occupation Age history Sciatica signs findings 
1 Iron moulder 23 4 years Yes Nil Negative 
_ left and right sides 8 
Yes Slight disc 
2 ai ears ae i ‘ ing 
2 Painter 35 44 years left and right sides Nil Te 
" eA Yes F ative 
3 Driver 30 2 years right side Nil Negative 
. Wasted Slight disc 
P , ae 
4 Light work 35 “- No left quadriceps narrowing 
5 Clerk 52 2 years a Present Negative 
ai oye left and right sides ; 
hah SN L.S unstable 
6 Housewife 31 10 years die the Nil a 
Yes Paraesthesia Disc narrowing 
») _§ vears £ 
7 Farmer 32 4-5 years left and right sides L.4 left side L.S-S.1 
8 Bricklayer 31 4 months ude ae go Negative 
9 G.P.O. Linesm: ears Yes ices 
.P.O. Linesman 30 3 years left and right sides Nil Negative 
; Absent - iatite 
10 Farmer 40 14 years a ankle jerk— a 
. paraesthesia S.1 sal 
: a Yes Absent right Disc narrowing 
i Housewife (43 = 2 years right side ankle jerk L.4-5-S.1 
12 Mining engineer 42 12 years left . % ities Nil i 
: as 7 Yes Reduced ankle jerk ; “L.4 unstable _ 
13 Farmer 35 I year left and right sides and paraesthesia S.1 on L.5 
14 Machine moulder 25 5 months right cide left sake jerk No report 
Yes . All lumbar 
15 Turner and fitter 32 6 months right side Nil vertebrae wnatable 
16 Housewife 45 7 years No Nil gtr st - 
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TABLE Il—continued 
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Previous Date of Correct pre-operative Evidence of nerve ; 
treatment omuninn diagnosis of listhesis root irritation Result 
P or instability at operation 
No pain, July 1952, and resumed 
Brace 3 months 12/4/51 Yes ee work August 1951. 
: Workers’ Compensation 
. ; No pain, July 1953, and resumed 
a < an. 
M oo " 20/9/51 Yes No work as clerk February 1952. 
Workers’ Compensation 
1S Geren sect No pain, February 1953. 
Brace 12/6/52 Yes swollen and red November 1954 pocurreace— 
left side neurosis @ ). Not working. 
‘ Workers’ Compensation 
No pain, February 1953, and 
Physiotherapy 18/9/52 No—disc No working March 1953. 
Workers’ Compensation 
L.5 nerve root 
Brace 9/10/52 Yes swollen and No pain, July 1953 
adherent—left side 
Physiotherapy 10/11/52 Ys No No pain, January 1954 
Disc lesion found J . Improved pain, May 1954. 
L.5-S.1; operation 10/11/52 POO ration) S. Fst yaa Functional—working at six 
one year ago ; pe months. Graft intact 
Disc lesion found gis ‘ No pain, March 1954. Resumed 
5 27/11/52 > S.I nerve root a bricklayer June 1953 
. a x ~“* (second operation) swollen ees ae nee hate 
early operation Workers’ Compensation 
Brace: Pain improved, September 1953. 
physiotherapy 18/12/52 Yes No Resumed light work January 1954. 
+s — Workers’ Compensation 
Disc lesion found Yes S.1 nerve root No pain; after six months he 
L.5-S.1; operation 22/2/53 a ee irritation two developed hysteria which re- 
two years ago (second operation) years ago—not now sponded to suggestion 10/12/54 
Disc lesion found Yes at eae 
5-S.1; 18/5/53 =a a Re ee No pain, 18/11/53 
operation before (second operation) compressed 
No pain: letter, February 1955 
at 26/5/53 a : working overtime. 
Brace 6/5/53 Yes No Resumed work September 1953. 
Workers’ Compensation 
Traction; , Pain improved, February 1954. 
; 53 2s +e oy 
plaster; brace 1/6/5: Yes No Fractured graft. Pain but works 
Disc removed Yes No pain, 18/1/54. Resumed 
L.3-4 4/6/53 (second operation) No work as packer 18/1 1/53. 
us . Workers’ Compensation 
No pain, December 1953. X-rays 
show graft intact. Returned to 
Brace; , work 7/12/53. January 1955 
“ 5 . ha Ms tg- 
physiotherapy 18/6/53 Yes No Working, but says “ pain is 
more widespread.” 
Workers’ Compensation 
Pain worse in bed 23/6/53 No No No pain, 5/2/55 
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TABLE Il—continued 


RESULTS OF LAMINECTOMY PLUS BONE GRAFTING (THIRTY OPERATIONS) FOR UNSTABLE LUMBAR VERTEBRAE 


(Listhesis or Instability Associated with a Disc Prolapse, Spondylolisthesis, 
Osteoarthritis, or Gross Degeneration, etc., is Excluded) 
























































































































































Case . Length of roe Neurological Radiographic 
number Occupation Age history Sciatica signs findings 
5 Yes Straight leg L.5 unstable on 
17 Iron moulder 31 3 years right side raising + L.4 and S.1 
18 Labourer 36 5 years No Nil a — ’ 
19 Shopassistant 22 3 years aie tie Slight —_ 
20 Chauffeur-gardener 40 34 years une ie Paraesthesia L.5 L.4 oe L.5, 
21 Farmer 241 year right side Slight a 
os Yes Absent L.5 unstable on 
2? ears 
it Religious 30 24 years right side right ankle jerk L.4 and S.1 
a Labourer 48 44 years wr Si de Nil — aa — 5 
24 Civil engineer 30 2 years Pe Nil a nie ” 5 
as Yes Wasted calf. Unstable L.5 
25 Barman 53 8 months left side Absent ankle jerk on S.1 
26 Labourer 40 ] year No Paraesthesia L.5 wT ee 
‘Diminished disc 
a Yes Absent 
27 Labourer 45 7 months ote : a space L.4-5, L.5-S.1 
left side left ankle jerk oui aenahiie 
é a ' Yes Leségue and L.5 unstable on L.4 
28 Labourer 28 14 years right side scoliosis and S.1, 1 centimetre 
Cae rs % Yes Diminished ankle  L.S5andS.1 
y 0 1e¢ 
29 Sailor 49 I year left side jerk—paraesthesia unstable 
30 Seaman 21 1 year No Nil —— 
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The intervertebral foramen and nerve roots—In over a third of the patients operated upon 
the fifth lumbar or first sacral nerve root on one side showed oedema and congested vessels or 
was partly torn, flattened or stretched. The nerve should be traced to theintervertebral foramen. 
The disc—In cases of instability the disc as a whole may bulge; it is easily indented, and 
discoloured yellow or light brown. No nuclear prolapse exists. A slight bulge of the discoloured 
disc just in front of the foramen may indicate the lateral extension of the posterior radial “* L ” 
tear of the annulus fibrosus—the “‘ concealed disc’ (Dandy 1941). 
of the foramen. It is displayed by removing any overhanging bone behind the pedicle with a 
small gouge and hammer. The inferior articular facet is usually removed. 


This area lies in front 
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TABLE Il—continued 





Correct pre-operative Evidence of nerve 
diagnosis of listhesis root irritation Result 
or instability at operation 


Previous Date of 
treatment operation 





No pain, 3/2/55, and returned 
Brace 8/8/53 Yes No work as core maker March 1954. 
Workers’ Compensation 





No pain, 17/7/54. Recurrence 
Brace 8/12/53 Yes S.1 pera hua 12/2/55. Graft intact—not working. 
Workers’ Compensation 




















oe : No pain, January 1955. 
> °.”7) 5 
Brace 22/3/54 Yes No Working but uses brace 
—_ S.1 nerve root No pain, 1/7/55. Working. 
> 9 
Brace 23/4/54 Yes swollen Workers’ Compensation 
No pain, 1/7/55. Graft intact. 
Brace 26/5/54 No—disc — sop ted ay Working as clerk 14/1/55. 
ry Workers’ Compensation 
Laminectomy two oe my 
Yes L.5 partly severed . 
, “ 
a, 2/7/54 (second operation) by attrition No pain, 21/11/55 
= curetted 16/7/54 Ves ” aon en ag —— 
our years : ‘i _ oO raft intact. Not working. 
before (second operation) Workers’ Compensation 











No pain, 22/2/55, and 
Brace 26/7/54 Yes No working one month. 
Workers’ Compensation 





No pain, January 1955, and 
Brace 5/8/54 No—disc No working 5/11/54. 
Workers’ Compensation 


No better, 3/2/55. 




















Disc curetted 5 Yes . . 

Saye 28/2/54 . - No Graft intact. Not working. 
one year ago (second operation) Workers’ Compensation 
Disc curetted Yes No better, 3/5/55. X-rays show 
five months 9/9/54 ; vo No graft intact—not working. 

before (second operation) Workers’ Compensation 

es i No pain, 8/3/55, and working at 

7 
Brace 23/11/54 Yes No light job. Workers’ Compensation 
S.1 nerve root No pain, 1/9/55. 
ac 2/3/5 ocr Sey 
Brace 2/3/55 Yes irritation Working on 1/7/55 
Yes S.1 nerve root No pain, 29/9/55. Resumed g 

a0; , 

Brace 9/2155 ? disc irritation work as sailor, 11/8/55 


| 





Bone grafting—If the disc between L.4—5 (the commonest site) is involved, the graft should 
extend from L.4—S.2; and in such a case early disc degeneration probably exists between 
L.5-S.1, where it is usually impossible to demonstrate instability because the facets lie in 
the coronal plane. It remains to be seen whether this grafting will cause too great a strain 
on the upper lumbar discs. All bone removed during the exposure, and if necessary additional 
bone from the posterior iliac crest or from the bone bank, is fragmented in a bone mill 
until it resembles a paste. This material is packed down on the side opposite to the 
hemilaminectomy, or on both sides. 

Post-operative care—Rigid splintage is not used. The patient lies flat on the back with the 
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head of the bed raised for two weeks; thereafter he is allowed to sit up in bed supported by 
four pillows. After three months’ rest in bed a brace is worn for the next three months when he 
is up and about. The patient may get back to work after nine months, or often earlier (Table II). 
Heavy manual workers are advised against resuming their former work, but they do not 
always follow this advice. Radiographs are taken after three months to observe the bone 
graft and after six or nine months to test for stability in the erect position in flexion and 
extension. 

SUMMARY AND CONCLUSIONS 
1. Primary lumbar vertebral instability or “ pseudo-spondylolisthesis * varies from about 
3 millimetres to 1-7 centimetres, and is perhaps the commonest radiological sign associated with 
lumbo-sacral pain after the third decade of life. It was observed in 28-6 per cent of 500 
consecutive cases of lumbo-sacral pain. The next commonest cause is gross disc degeneration, 
which is a late result of instability. 
2. The secondary instability that may accompany a nuclear prolapse or osteoarthritis is 
excluded from this discussion. 
3. This lumbar instability is an early sign of * incipient disc degeneration,” occurring before 
narrowing of the disc space, sclerosis of the epiphysial rings, or osteophyte formation becomes 
evident. The instability in the lower lumbar region is caused by incomplete radial posterior 


TABLE III 


SUMMARY OF TABLE II SHOWING RESULTS OF THIRTY SPINAL FUSIONS 
FOR LUMBAR VERTEBRAL INSTABILITY 





Workers’ 


Number Percent compensation 










| 


70 


No pain and working 21 13 
Improved and working 4 133 3 
Pain no better and not working 5 16°7 5 








Seven had had previous operation for prolapse of an intervertebral disc. 











tears, usually between the fourth and fifth lumbar vertebrae; and in the upper lumbar region 
from anterior concentric fissures or slits between some of the lamellae of the annulus fibrosus. 
4. As shown radiologically, lumbar instability is commonest between L.4—5 and is rare 
between L.5 and sacrum because the facets between L.5—S.1 normally face forwards and back- 
wards and thus resist anterior sliding. 

5. The usual direction of antero-posterior sliding in the case of the upper four lumbar 
vertebrae is posterior—that is, the upper vertebra is displaced backwards on the one 
immediately below it during full extension in the erect position. The displacement tends to 
disappear on forced flexion, which may cause anterior displacement. On the other hand, 
the reverse displacement may exist between the fifth lumbar vertebra and the sacrum. 

6. Operative treatment by bone grafting is a last resort in carefully selected individuals. 
After operation the patient rests in bed for three months without rigid splinting. Bone grafting 
is best for a localised lesion (affecting only one disc); it is generally not advisable if more than 
two discs are involved. 

7. The results in thirty patients treated by spinal fusions showed that 70 per cent had no pain 
and resumed work, 13-3 per cent had improvement and resumed work, and 16-7 per cent 
were worse or no better. 


We wish to thank Dr Eric Seal for investigating the results of spinal fusions, Dr Harry Crock for conducting 
spinal necropsies and for Figure 10 in this paper, and Dr John O’Sullivan for the numerous radiological 
examinations that demonstrated lumbar vertebral instability. 
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FRACTURE-DISLOCATIONS OF THE CERVICAL SPINE 
F. C. DuRBIN, EXETER, ENGLAND 
From the Princess Elizabeth Orthopaedic Hospital and the Royal Devon and Exeter Hospital, Exeter 


For centuries spinal injuries, and in particular those involving the cervical region, have 
been feared more than any others by the layman because they are so often associated 
with paralysis and death. A clinical description was recorded in the Edwin Smith papyrus 
(Power 1934) by a medical author who wrote in 2500 B.c.: ““ One having a crushed vertebra 
of his neck he is unconscious of his two arms and legs and he is speechless—an ailment not 
to be treated.”” This gloomy first reference is quoted many times in a vast literature on 
fracture-dislocation of the cervical spine, a condition that still presents many difficulties in 
its treatment. The early methods were primitive, the patient being tied upside down to a ladder 
which was violently shaken, the presumption being that any dislocation might be reduced 
by this means. Hippocrates later used a more rational form of treatment and applied traction 
to the neck of the recumbent patient, but these cases were seldom treated successfully until 
the beginning of this century. 

Eastwood (1940) pointed out that the cervical spine may be divided clinically into two 
distinct areas, the first two vertebrae and the last five. Since the first two vertebrae have a 
different shape from the remainder, the movement taking place between them is different 
from that in the lower segments. Rotational movement is the primary function of the atlas 
and axis, three-quarters of the total rotation of the cervical spine taking place between them. 

The purpose of this paper is to report seventy-five injuries of the cervical spine treated 
in the orthopaedic service at Exeter during the years 1946-1955. Sixty-three of the cases 
involved the lower cervical vertebrae, and the importance of early operative treatment is 
emphasised in all dislocations of this region. 

Injuries of the atlas and axis have been extensively reviewed recently by Grogono (1954) 
and a description here would be superfluous. 


CLINICAL MATERIAL 
The site and nature of the injury in the seventy-five cases are summarised in Table I. 


TABLE I 
CLINICAL MATERIAL 








Injuries Fractures C.3-7 Fracture- -» . _—-—- Hyperextension 
of atlas uncomplicated _— dislocations ier os < injuries Total 
and axis by dislocation C.3-7 ; C.3-7 

12 7 24 29 3 75 








Sex—Sixty patients were male and sixteen female. 
Age—The youngest patient was fourteen and the oldest ninety (Fig. 1). Young active males 
were in a preponderance. 
CAUSE OF INJURY 

The commonest cause is a road accident, but in the present series sport injuries of various 
kinds were frequent (Table II). These included diving into shallow water, rugby football, 
gymnastics and riding. Falling downstairs or from a height is also a common cause. In a 
farming community an additional hazard is forcible flexion of the neck while milking a cow, her 
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Age incidence in seventy-five cases of injury to the cervical spine. I 
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TABLE II i 
ANALYSIS OF CAUSE OF ACCIDENT AND INCIDENCE OF PARAPLEGIA IN SEVENTY-FIVE CASES u 
Cause Number Paraplegia 
of cases 
Complete Incomplete Total Death 
Sport 
Diving into shallow water 14 4 2 6 4 
Rugby football : ; 6 2 l 3 l 
Gymnastics. ; ; Z I - | l 
Riding . ; ; 2 
Road accidents . re ‘ 21 5 3 8 5 
Falls 
At work : y P 14 4 4 | 
Otherwise. 10 2 | 3 2 | 
Weight dropped on head ‘ I I l l 
— —— i . " . " - | 
Forced flexion of neck, etc. . 5 
Total ; 3 ‘ : 75 15 11 26 15 
be 
bo 
an 
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sudden movement compressing the milker 
against the side of the stall. Industrial 
accidents, except among miners, do not 
often affect the cervical spine. Riding 
accidents strangely enough were an 
infrequent cause even though Devon is 
a county where hunting is popular and 
hazardous. 


LEVEL OF LESION 


The vertebrae most frequently involved 
were C.4—6, which is the region where the 
greatest stress occurs when the neck is 
flexed (Fig. 2). Paraplegia appears to be 
common in the region between the third 
and the sixth cervical vertebrae (Fig. 3). 


MECHANISM OF INJURY 


Injuries to the lower part of the 
cervical spine occur usually from forced 
hyperflexion or compression or a combina- 
tion of these. As in the thoracic and 
lumbar regions (Holdsworth 1954) the 
injury may be of two types, stable and 
unstable. The stability of the cervical spine 


FRACTURE-DISLOCATIONS OF THE CERVICAL SPINE 











3 “4 « 
Ch CH C% CK CH C7, veveror 
LESION 
Fic. 2 
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depends mainly on the integrity of the interspinous ligaments and of the ligamentum nuchae. 
Ellis (1946) found that in every patient with fracture-dislocation of the cervical spine operated 
upon by him there was evidence of severe damage or rupture of these ligaments. This has 
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Neurological complications and level of lesion. 


been so in the present investigation. Minor degrees of compression of the intervertebral 
body may not lead to instability; but a major crush is likely to do so, probably because of 
an associated lesion of the interspinous ligament, permitting dislocation of the articular facets. 
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Since the facets do not lie in a transverse plane but are directed obliquely forwards and upwards, 
forward displacement of the upper vertebrae is facilitated by a flexion force which ruptures 
the posterior anchorage of soft tissue or bone. Sometimes a radiograph of the cervical spine 
after injury is seemingly normal except for a fracture of the spinous process. This may be 
an indication of damage to the interspinous ligaments and thus of probable instability which 
may lead to subluxation or dislocation. Fractures of the spinous processes do not often 
unite by bone. 

Any flexion injury may cause instability of the cervical spine. Certainly a violence applied 
to the neck that is sufficient to fracture bone may easily tear the posterior ligaments and soft 
tissues that are maintaining stability, and permit displacement of the upper vertebrae. Perhaps 
this is a reason why fractures of the cervical spine are so often complicated by dislocation. 





Fic. 4 Fic. 5 Fic. 6 Fic. 7 Fic. 8 


Drawings from radiographs showing four common types of cervical vertebral injury. Figure 4—Normal flexed 

cervical spine. Figure 5—Dislocation without fracture. Figure 6—Dislocation with fracture of spinous process. 

Figure 7—Dislocation with compression fracture of inferior vertebral body. Figure 8—Dislocation with fracture 
of anterior margin of inferior vertebral body. 


TYPES OF INJURY 


The injuries sustained by the lower cervical vertebrae are of three types (Figs. 4-8): 
1) fractures; 2) dislocations; 3) fracture-dislocations. 
Fractures—A fracture may take the form of a compression fracture of the body, a fracture of 
one or both sides of the neural arch without displacement, or a fracture of the spinous 
processes. Eastwood (1940) advocated early activity after these fractures, and advised brief 
recumbency followed by the application of a moulded leather collar which should not be 
worn for more than two months. He adopted this course after noting the excellent results 
that occurred in patients who for various reasons had never been immobilised in the traditional 
Minerva jacket, which appeared to lower morale and produce unnecessary discomfort and 
mental trauma. In the compression fracture, as might be expected, this treatment is often 
followed by some collapse of the affected vertebra, which is unimportant because the vertebra 
fuses rapidly to its neighbours by an anterior buttress of bone, with excellent functional and 
cosmetic results. Before undertaking this form of treatment, however, it is wise to investigate 
the stability of the spine by taking lateral radiographs in flexion. 
Dislocations—These are more cu mmon than is realised. Many may be incorrectly described 
as fracture-dislocations, because it is not always easy to interpret lateral radiographs of the 
neck and there is a widespread belief that forward displacement does not often take place 
without an associated fracture of the articular processes or laminae. Dislocation, however, 
may occur without fracture if the posterior ligaments are torn. Displacement may also occur 
spontaneously in patients with spondylolisthesis of the neural arch (Durbin 1956). 
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Fracture-dislocations—As previously stated, a severe compression fracture is nearly always 
associated with dislocation of the articular facets or with their fracture. Dislocation is not 
infrequently accompanied by a minor compression fracture. In cases of fracture-dislocation 
the upper vertebra always moves forward on the lower. The anterior part of the body below 
the upper vertebra may be fractured and move forward with the upper one. The displacement 
is often unequal on the two sides; so asymmetry of the head and neck may be obvious 
clinically. 





Fic. 9 Fic. 10 
Case |. Figure 9—Radiographs one year after injury, showing dislocation of C.5 on C.6. The 
condition was not diagnosed for several weeks. The patient complained merely of pain in the 
neck and some weakness in the right arm. Figure 10—Ten years later there is solid bony fusion 
of the affected vertebrae anteriorly and posteriorly. There had been no fixation of any kind. 


DIAGNOSIS 

Any patient who gives a history of a fall may have a cervical dislocation. This may easily 
be overlooked in the presence of other injuries, because the neck symptoms may not be marked 
and attention is directed to more obvious injuries such as a fracture elsewhere. An orthopaedic 
surgeon serving in the last war as a parachutist injured his neck through a bad fall and was 
seen by a number of his orthopaedic colleagues before the condition was diagnosed as a 
dislocation. Radiographic examination is essential after any injury involving the neck. The 
intero-posterior view is seldom helpful. The lateral views are important and must include 
one in flexion; otherwise a diagnosis of subluxation may be missed because the lateral film 
n extension may show nothing abnormal. Such flexion radiographs must be taken in every 
‘ase of neck injury if the views in extension are normal, because they may hold the key to 
he diagnosis. Flexion views are also useful after immobilisation in plaster, to determine 
vhether there is any instability. They may give valuable information in cases of cervical 
njury with cord or root involvement in which a lateral radiograph in extension shows no 
esion. Provided the neck is not overflexed and the manoeuvre is carried out carefully 
»y the surgeon himself there should be no danger of increasing the neurological damage. 
[he most extreme dislocation in this series was seen in a nurse who for some weeks had been 


OL. 39 B, No. 1, FEBRUARY 1957 









28 F. C. DURBIN 


treated abroad for “ fibrositis ” after a road accident in which she was thrown out of a jeep. 
Eventually radiographs revealed almost complete forward displacement of the fifth cervical 
vertebra on the sixth. She made a complete recovery without operation or fixation of any 
sort; the vertebrae fused spontaneously (Figs. 9 and 10). This is a common observation. 
It is surprising that patients who have either refused treatment or have received inadequate 
treatment because of mistaken diagnosis should be free from symptoms and signs. This 
does emphasise, however, the importance of a careful examination of the neck after head 
injuries because it is easy to miss a serious dislocation. 


Fic. 11 


Case 2—Radiographs one year after injury showing 

comminuted fracture of the atlas with forward 

displacement of the fragments. This patient had 

severe pain in the distribution of the great occipital 
nerves. 


Although it will not be discussed here, fracture-dislocation of the atlas (Jefferson 1920) 
should be mentioned, for it is easily missed unless kept in mind in the differential diagnosis. 
The essential points are a history of recent injury (usually a blow or fall on the head), rigidity 
of the neck, limitation of head movement and perhaps neuralgia or anaesthesia of the great 
occipital nerve. The fracture is easily recognised in a good lateral radiograph, but the area 
is a difficult one for radiography. A patient seen with this condition had been treated for some 
months elsewhere for “ fibrositis ’’ of the neck (Fig. 11). He had intractable pain in the great 
occipital area. The radiograph revealed a typical fracture-dislocation of the atlas. 
Immobilisation in plaster, followed by the wearing of a Polythene collar for six months, 
relieved the symptoms. 

INJURY TO THE SPINAL CORD 

When the cervical spine is dislocated it is incredible that the spinal cord should escape 
injury, especially when there is marked displacement. Probably there is evidence of neural 
injury in over half the cases (Tables II and III): the cervical cord may be crushed or the nerve 
roots at the site of the injury may be torn or bruised. Complete tetraplegia is nearly always 
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fatal, death usually occurring from broncho-pneumonia with hyperpyrexia a few days after 
the injury. The cause of the hyperpyrexia is obscure but it is probably due to an extension 
upwards in the cord of haemorrhage or oedema. As Barnes (1948) observed, one of the most 
puzzling features of injuries of the cervical spine is the lack of correlation between the degree 
of vertebral displacement and the severity of the spinal cord lesion. There are patients with no 
radiographic evidence of bone injury in whom the cord is irretrievably damaged. Others, 
with severe dislocation, may have no paraplegia. In the absence of radiological evidence of 
bone damage the cause of the paraplegia in flexion injuries has been explained by assuming 
that a dislocation of the neural arches had undergone spontaneous reduction. But there is 
now evidence that in such cases disc protrusion may be the cause of the cord lesion. 
Hyperextension injury of an arthritic spine is the usual cause of paraplegia in patients over 
fifty years of age. 


TABLE Ill 


INCIDENCE AND NATURE OF NEURAL DAMAGE 





Number of Number of Number of patients with cord symptoms 
patients with patients with 

neurological root 

symptoms symptoms Complete Incomplete Total 


42 16 15 i] 26 











In the present series there were two cases of paraplegia without initial radiological 
evidence of bone injury. In one of the patients radiographs two weeks after the injury showed 
narrowing of the disc space between C.3-4 with slight forward subluxation of C.3. In the other, 
radiographs two months after the injury showed a fracture of the spinous process of C.4 
with a minor compression fracture of C.5 suggesting a lesion at this level. Both patients 
had incomplete tetraplegia and both made a satisfactory recovery. 

Although no obvious abnormality may be noted in the radiographs of such cases, 
attention should be paid to the narrowing of a disc space, minor compression of a vertebral 
body, fracture of a spinous process, avulsion of osteophytes when osteoarthritis is present, or 
anterior marginal fractures of the vertebral body. Any one of these may indicate the 
site of the cord lesion. 

Pressure on nerve roots gives rise to tingling, anaesthesia or paresis in the upper limbs. 
These symptoms may persist in unstable or unreduced lesions and may necessitate operative 
treatment later. 

There were only three cases of hyperextension injury, one with incomplete paraplegia 
and two with root damage. 

All dislocations with neurological involvement demand prompt reduction to ensure the 
best possible chance of recovery. In cases of incomplete tetraplegia rapid recovery has been 
noted after early reduction, but recovery has not occurred when the cord lesion has been 
complete for more than twenty-four hours, and in fact only one of the patients with complete 
tetraplegia is still living. 

MORTALITY 

Fifteen out of the total of seventy-five patients died (20 per cent), fourteen with complete 
tetraplegia. One death occurred from coronary thrombosis a week after a cervical injury 
without neurological complications. Another patient died from causes unrelated to the injury 
five years later. Mortality rates reported by other surgeons are: Blasius (1869) 92-6 per cent; 
Langworthy (1930) 30 per cent; Ellis (1946) 16 per cent; Birkett (1950) 23 per cent. 
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TREATMENT 


Until the beginning of this century treatment did not greatly influence the mortality rate, 
which was very high. The striking reduction in the mortality may be due to the discovery 
of x-rays by R6ntgen in 1895, which enabled the diagnosis of dislocation to be made when 
the clinical signs were not marked, to improved methods of manipulation (Walton 1893, 
Taylor 1924) and to the increasing use of plaster immobilisation. Although it was practised 
for many years, manipulation under anaesthesia may not only fail to reduce a dislocation 
of the neck but it may in fact increase the degree of paralysis. This happened in one patient 
here. Continuous traction with the Glisson sling has been used, but this cannot be maintained 
for long in a conscious patient because of the discomfort and liability to pressure sores if 
considerable weight is applied. It is now recognised that skull traction is the safest and most 
effective method of reduction, and is more comfortable for the patient. Crutchfield’s ** ice-tong” 
calipers are the simplest and are easier to apply than the more commonly used Blackburn 
apparatus. The drill holes should be made in a vertical line above the external meati under 
local anaesthesia. Reduction can then be effected either rapidly or slowly. Traction with 
forty pounds or more can be applied with the neck slightly flexed initially. This manoeuvre 
succeeds in unlocking the facets. There is no danger in using considerable weight for a short 
time because the neck muscles are very powerful. As Ellis (1946) pointed out, trapeze artists 
in a circus may hang by their teeth without any trouble. 

In the absence of cord or root damage it is not essential to obtain reduction as an emergency 
procedure although it is reasonable to do so. The large number of satisfactory results reported 
after delayed or incomplete reduction bears this out. In most cases the cervical spine has 
become stable in a few months, the buttress of bone forming in front of the body below the 
lesion, giving support to the body of the vertebra above. 

Sometimes even traction and manipulation will fail to reduce a dislocation. In such a case 
radiographs taken obliquely may be helpful in determining the cause of failure; interlocking 
of articular facets is usually responsible. If reduction cannot be obtained by traction, 
an open operation will be necessary. The facets are unlocked by the use of bone levers or 
by nibbling away the processes with bone forceps. Open reduction offers the advantage 
that the spine can be wired and grafted at the same time and the patient’s convalescence 
thereby shortened. Four patients in this series had locked facets and were dealt with in 
this manner. 

Very occasionally open operation fails to secure complete reduction, possibly because 
of interposition of disc substance. This happened in one case. The spinous processes were 
wired together and a Minerva plaster was applied. The wire subsequently fractured but the 
spine became stable and fused posteriorly as well as anteriorly by bone, with a satisfactery 
functional result (Figs. 12 to 15). 

Recurrence of displacement is very difficult to prevent. A Minerva jacket is no safeguard. 
Brookes (1933), Cone and Turner (1937) and Ellis (1946) believed that the only sure method 
of holding the reduction was by open operation to wire and graft the affected vertebrae. 
Redislocation occurred eight times in this series—three times after immobilisation in plaster 
for six months. In one of these cases radiographic views in flexion were taken when the 
plaster was removed and showed evidence of instability. Within three months complete 
redisplacement had occurred. The patient had a fracture of the spinous process as well as 
the dislocation (Figs. 16 to 23). 

In the two remaining cases dislocation was present without fracture, and pain after 
removal of the plaster caused further radiographs to be taken which revealed that redislocation 
had occurred. 

Displacement occurred twice in patients with uncomplicated dislocations immobilised in 
plaster for three months. Two patients with spinous process fractures without initial 
radiographic evidence of dislocation who were treated with extension exercises showed 
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/ the Case 3—Dislocation of C.2 on C.3 with locked facets. Figure 12—Initial radiograph. 
Figure 13—The facets could not be unlocked with 50 Ib. traction. 
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Fic. 14 Fic. 15 

-d in Case 3. Figure i4—The facets could not be unlocked by open operation. The spinous process 

ritial of C.2 was wired to C.4. (The spinous process of C.3 is nearly always small and fragile.) Figure 15- 
Two years later there was sound fusion posteriorly but displacement had recurred and the wire 

ywed had fractured. 
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Fic. 16 Fic. 17 


Case 4—Fracture-dislocation of C.5 on C.6. Figure 16—Initial radiograph. Note 
fracture of the spinous process of C.5. Figure 17—After reduction by skull traction. 
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Fic. 18 Fic. 19 
Case 4. Figure 18—Radiograph in extension after six months’ fixation in plaster: no 
displacement. Figure 19—Radiograph in flexion at the same time showed slight forward 
subluxation. 
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Fic. 20 Fic. 21 
Case 4—Three months after the plaster fixation was discontinued radiographs in extension (Fig. 20) 
and in flexion (Fig. 21) showed stability in the displaced position. 


Fic. 22 Fic. 23 
Case 4—A year after removal of plaster radiographs showed bony fusion in front. 






Cc 








34 F. C. DURBIN 


Bi La a cae 


hi adrab ral vai, 








} 
4 
4 
2 
oe 
in 
Fic. 24 Fic. 25 
Case 5. Figure 24—Radiograph of cervical spine in a woman of twenty-two with a fracture of the 
spinous process of C.6. She had good movement but some pain on flexion. She was treated with 
active extension exercises. Figure 25—Condition three weeks later when she complained of increased 
pain in the neck. Movements were then much restricted and painful. 
: 
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Fic. 26 Fic. 27 
Case 5—Radiographs in flexion (Fig. 26) and in extension (Fig. 27) three months after wiring and grafting, 
when fixation was discontinued. 
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Fic. 28 Fic. 29 
Case 6—Girl with root symptoms on neck flexion twelve weeks after a fall from a bicycle. Figure 283—Radiograph 
in extension showed no abnormality. Figure 29—Radiograph in flexion showed subluxation of C.4 on C.5. 


Fic. 30 Fic. 31 
Case 6-——-Radiograph in flexion (Fig. 30) and in extension (Fig. 31) three months after a local graft and wiring. 
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dislocations after a few weeks of treatment. The displacement was revealed by radiography 
after the patients had complained of increasing pain in the neck (Figs. 24 to 27). 

In one instance persistent pain in the neck for six weeks after an injury was found to be 
due to subluxation of the fourth cervical vertebra on the fifth, seen when the neck was flexed. 
The pain was relieved by local bone grafting (Figs. 28 to 31). 

Possibly the incidence of redislocation is higher than is supposed, for radiographs are 
not always obtained three or four months after the plaster has been removed. 

Bony fusion between the bodies of the affected vertebrae nearly always takes place 
eventually, whether or not the dislocation is reduced; and there may be a surprising amount 
of displacement without marked clinical deformity or symptoms. Nevertheless, the cervical 
spine cannot be considered stable and the danger of cord damage cannot be removed until 





fi 2: 
i 
: ' 


Fic. 32 
Patient on convex saddle frame with skull traction preparatory to operation. 


fusion has occurred. It is necessary therefore to protect the neck by a plaster or splint for 
some months until stability is ensured. Birkett (1950) considered that only a small field was 
left for operative treatment and then mainly for the late reduction of cases with locked facets. 
He also considered that two or three months’ immobilisation in plaster was sufficient for 
soft-tissue repair. Two or three weeks’ traction in recumbency was recommended before the 
plaster was applied. Such a programme of treatment will not prevent recurrence of the 
dislocation. It is impossible to predict whether a cervical spine will remain stable, but it is 
clear that redislocation is more likely to occur when there is also a fracture of a spinous 
process or a compression fracture of the inferior vertebral body. Prolonged preliminary 
traction serves no useful purpose, but traction for a short time is helpful, to reduce the 
dislocation and to allow time for the preparation of the patient when operative treatment 
follows. 

It is reasonable to treat all patients with dislocation or fracture-dislocation by wiring 
and grafting as advocated by Gallie (1939) on the grounds that the spine is unstable, that 
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raphy it is impossible otherwise to ensure a satisfactory result in a patient engaged in a heavy 
occupation, and that prolonged immobilisation in plaster is uncomfortable, bad for morale 


to be ) and often ineffective. 








lexed. ; The great advantage of early grafting is that the patient usually is able to dispense with 

} any form of external fixation after three months. Wiring is necessary to maintain fixation 
aS are + until the graft takes over the strain (Figs. 26-35). 

i The operative technique of Rogers (1942) is easy to follow and is facilitated by the use 
place ; of a metal frame such as that described by Shorbe and McBride (1950), which is easily made 
nOURt } in any workshop (Fig. 32). Traction may be applied during the operation. Iliac bone is 
rvical i used for the graft. Afterwards the patient is kept supine with five pounds weight traction 
until to steady the spine for two weeks, and then is fitted with a collar of plaster-of-Paris or polythene 

} 

Fic. 33 Fic. 34 Fic. 35 
Case 7—Anterior fracture-dislocation caused by a fall from a horse. Figure 33—Initial radiograph showing 
displacement of C.5 with compression fracture of the body of C.6. Figure 34—Extension view taken three 
months after wiring and grafting. Figure 35—Flexion view taken three months after wiring and grafting. 
The patient returned to hunting six months after the iniury and although he had another fall he did not suffer 
any damage to his neck. 
it for ae ; phi : , ' 
‘ities which is worn for three months. There is little permanent stiffness of the neck after operation 
cade provided that the graft fuses only the unstable vertebrae (Figs. 26-35). Sixteen patients in 
t for this series were treated by wiring and bone grafting, without mortality. ; 
«tie An operation for grafting may be required in old cases if there are persistent symptoms 
F the of root irritation from recurrent subluxation and persistent instability. This was necessary 
it is in two of my cases and the patients’ symptoms were relieved. 
nous 
nary | SUMMARY 
> the } 1. Seventy-five injuries of the cervical spine are reported. Fifty-three were dislocations and 
ment | — fracture-dislocations involving the third to the seventh segments. 
- 2. The importance of careful examination in all neck injuries is stressed. 
ring | 3. The injuries are divided into stable and unstable types and the causation of the instability 
that | is discussed. 
.GERY 
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4. Plaster immobilisation for more than six months failed in some patients to prevent 
recurrence of dislocation. 

5. Operative treatment was advised in all cases of dislocation, the spine being wired and 
grafted with iliac bone. This prevents recurrence and shortens the period of convalescence. 
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PSEUDOHYPOPARATHYROIDISM 
T. W. Howat and G. M. AsHurst, GLASGOW, SCOTLAND 
From the Departments of Orthopaedics anda Radiodiagnosis, Western Infirmary, Glasgow 


Pseudohypoparathyroidism is a rare condition, first described by Albright, Burnett, 
Smith and Parson in 1942. Unlike hypoparathyroidism, there is no deficiency of parathyroid 
hormone, but an inability of the kidneys and bones to respond to the hormone in the normal 
manner, as demonstrated by the Ellsworth-Howard test (1934). Only one case has been 
recorded in this country (Bishop and de Mowbray 1951, Medill 1951, de Mowbray, Smith 
and Symonds 1954). 
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Photographs of the patient at the age of ~ 
twenty-one. Note the dwarfing and the a 
round expressionless face and large head. V 
The lack of growth was most marked in < 
the trunk. 
= © 


CASE REPORT 
The patient, a male, developed normally until he was five years old, when he began to 
have fits of variable frequency. A year later, while he was in hospital, it was noted that his 
head was large and that he had a facile expression. His speech was indistinct and slow; 
he was rather “ bad tempered,” and mentally backward. He had no fits while in hospital 
and remained well for seven years. 
The fits then recurred. They lasted a few seconds, but were not accompanied by incontinence 
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Serum calcium and phosphorus levels during period of investigation and 
treatment. 
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The Ellsworth-Howard test in hypoparathyroidism. 
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or loss of consciousness. There was usually a premonitory aura during which he felt he was 
about to fall. Fuller investigation confirmed the previous clinical findings. Radiographs of 
the skull showed thick diploe, delayed dentition, and intracranial calcification which was 
demonstrated by ventriculography to be in the region of the basal ganglia. 

In 1955 the patient, then aged twenty-one, came under our care after an injury to his 
left elbow and an associated deformity of the left hand resembling Volkmann’s contracture. 





TABLE I 
BIOCHEMICAL FINDINGS 
Serum alkaline phosphatase ‘ ; . 13-18 K.A. units 
Serum albumin. ‘ ; . 3-9 grammes per 100 millilitres 
Serum globulin. ‘ ; . 2°1 grammes per 100 millilitres 
Serum sodium . ' _ 300 milligrams per 100 millilitres 
Serum potassium . ; 15 milligrams per 100 millilitres 
Serum magnesium. : 3-1 milligrams per 100 millilitres 
Alkaline reserve ; ; ‘ 60 vcls. per 100 millilitres 
Serum iron ; ‘ . 83 micrograins per 100 millilitres 
Haemoglobin . : 5: 11-1 grammes per 100 millilitres 
_ oh. San : ; ? ; ; 37-1 per cent of cells 
M.C.H.C. ‘ ‘ j 29-9 grammes per 100 millilitres 











He was a dwarf, 49 inches in height, with a round expressionless face and a large head 

(Fig. 1). The lack of growth was most marked in the trunk. The hands and feet were stubby 
and the metacarpals and metatarsals were short in relation to the phalanges. The external 
genitalia were normal but the hair of the scalp, axilla and face was sparse. The texture of the 
skin was a little coarse, and he had a scaly eruption at the angles of the mouth. There was 
obvious mental retardation and his speech was slow but articulate. In the mouth there were 
no visible teeth, although unerupted teeth were palpable. Chvostek’s sign was positive and 
Trousseau’s test produced carpal spasm, as did hyperventilation. 
Biochemical investigations—The serum calcium estimations were consistently low, being never 
more than 7-7 milligrams per 100 millilitres. The serum inorganic phosphate was consistently 
high, being in the region of 6-7 milligrams per 100 millilitres (Fig. 2). The Ellsworth-Howard 
test showed a failure to respond to parathormone (Fig. 3). 

Repeated examinations failed to show any evidence of urinary excretion of calcium. 
Repeated urea clearance tests (Van Slyke) showed an impaired renal function and the results 
varied from 45 to 70 per cent of normal. Examination of the faeces showed a high calcium 
content varying from 1-03 to 1-54 grammes per day. The total fat content of the faeces was 
4-6 grammes per 100 millilitres of dried specimen, the split fat being 55 per cent of the total 
and the unsplit 45 per cent. The other biochemical findings are recorded in Table I. 
Radiographic examination. Skull and teeth—The vault of the skull was thickened, the inner 

nd outer tables were clearly defined, and the diploe was dense. Bilateral symmetrical granular 
alcification was present in the region of the basal ganglia, extending out into the frontal 
bes. It was most dense in the region of the caudate nucleus. Calcification was also present 
n the cerebellum. When compared with films taken eight years before it was now seen to be 
10re dense but its distribution was unchanged. A film taken fifteen years before appeared 
ormal, and no intracranial calcification was seen (Fig. 4). 
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There were unerupted teeth, which showed evidence of faulty development, in both upper 
and lower jaws (Fig. 5). 

Spine—There was some osteoporosis, and the vertical trabeculae were accentuated. The 
bodies of the vertebrae were flatter than normal, but there was no evidence of distortion 
of trabeculae or compression deformity. 
Pelvis—The pelvis was small and had a coarse trabecular pattern (Fig. 6). | 
Long bones—There was a little expansion of the metaphyses. The femoral and humeral ta 
























Fic. 4 
Calcification in basal ganglia. 





Fic. 5 
Unerupted teeth. 


necks were short (Fig. 6) but the shafts of the long bones appeared normal. Several lines of 
arrested growth were present in the lower thirds of the femora. 

Hands—The carpal bones appeared normal. The metacarpals were short, the fourth metacarpal 
of the left hand being particularly stunted. The cancellous network of the phalanges and 
metacarpals was virtually absent, and they presented an open appearance. The relative 
osteoporosis in the left hand was considered secondary (Volkmann’s contracture) to disuse 
(Fig. 7). 

Soft tissues—Scattered in the soft tissues, especially near the distal joints of both upper and 
lower limbs, were small areas of ossification (Fig. 7). No vascular calcification was seen. 
There was no evidence of renal calcification, and excretion pyelography was normal. 
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Other investigations—The electrocardiograph showed a high Q.T. ratio characteristic of 
hypocalcaemia. An electroencephalograph showed gross delta activity from all areas; 


Fic. 6 
Small pelvis; femoral necks short and expanded. 





Fic. 7 
Short metacarpals; periarticular soft-tissue ossification. 
occasionally the delta waves had spike formations superimposed at frequencies of 2 to 3 
cycles per second. Ophthalmological examination revealed multiple white flake-like opacities 
in the lens, and on the left side there was some nuclear sclerosis. 
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Treatment—Treatment with Dihydrotachysterol (A.T. 10), 3 cubic centimetres daily, was 
commenced. This caused a significant drop in the serum inorganic phosphate level, but no 
marked increase in the serum calcium occurred, and the patient continued to have frequent 
fits (Fig. 2). 

In view of the failure of response to A.T. 10, this was replaced by large doses of Calciferol. 
It was not until this was increased to 150,000 units three times a day that a marked rise in 
serum calcium occurred. The patient is now receiving 50,000 units of Calciferol daily, which 
maintains the serum calcium and inorganic phosphate at normal levels. 

The fits ceased as soon as the serum calcium level began to rise, and his general condition 


has improved. He is alert both mentally and physically, and the scaly lesion at the angles of 


the mouth has disappeared. 
COMMENT 


The etiology of pseudohypoparathyroidism is obscure, but the faulty development of the 
teeth, the stunting of growth, and the slight expansion of the metaphyses suggest that the 
factors concerned may be developmental. The patient’s appearance, together with the 
radiographic findings and a hypocalcaemic osteodystrophy, suggested a diagnosis of hypo- 
parathyroidism. The pseudo-form is differentiated from the idiopathic by the Ellsworth- Howard 
test. 

The present case is like those recorded by Albright, Burnett, Smith and Parson (1942), 
Camp (1947), Alexander and Tucker (1949), Bakwin, Gorman and Ziegra (1950), Medill (1951), 
de Mowbray, Smith and Symonds (1954). In our patient there is no evidence of increased 
bone density. In fact there is a degree of osteoporosis. 

The gross skeletal changes described by Garceau and Miller (1956) were not present 
and there was no increase in the serum alkaline phosphatase. The high serum alkaline 
phosphatase reported by these authors, and the absence of intracranial calcification with 
normal dentition, are against a diagnosis of uncomplicated pseudohypoparathyroidism. 


SUMMARY 
A case of pseudohypoparathyroidism is reported. The clinical, biochemical and 
radiological findings are described. There was a satisfactory response to large doses of 
Calciferol. 


We wish to thank Mr R. Barnes and Dr S. D. Scott Park for helpful criticism, Dr E. B. Hendry for 
biochemical data, and Mr G. Donald for the reproduction of radiographs and photographs. 
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THE TREATMENT OF DISPLACED FRACTURES OF THE NECK 
OF THE FEMUR BY COMPRESSION 


A Preliminary Report 


J. CHARNLEY, N. J. BLOCKEY and D. W. PurRsER, MANCHESTER, ENGLAND 


In the treatment of medial fractures of the femoral neck by the Smith-Petersen nail one 
can distinguish two problems: the first concerns failure to initiate the process of union, as 
shown by complete separation of the head and the recurrence of the original deformity; the 
second concerns necrosis and collapse of the femoral head after successful union at the site 
of the fracture. Complete separation of the femoral head is an early complication, usually 





Fic. 1 


Horizontal section through neck of femur in elderly 

subject. Note relatively dense cancellous bone of the 

head in contrast to hollow neck which, in the living 
state, is filled only with fatty marrow. 


occurring within twelve months of the fracture, but collapse of the femoral head after union 
of the fracture is frequently delayed till well into the second year after operation. 

Though it may be suspected that ischaemia of the femoral head lies at the root of most 
cases of defective union, non-union can still occur in the presence of a viable head; but how 
frequently this happens is difficult to estimate from published work, because of the notorious 
unreliability of the ordinary radiological signs of ischaemia. It seemed possible that some 
light might be shed on this matter by applying our experience of the union of cancellous 
bone under spring-loaded compression (Charnley 1953). We considered that if this mechanical 
principle could be applied to the femoral neck it ought to precipitate “* first intention ” osseous 
union in every case in which the head was viable, but it would be unlikely to do so when the 
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head fragment was unable to participate actively in the process of union by reason of a 
restricted blood supply. 

In cases in which the head fragment is ischaemic it seemed possible that the results of 
using a device designed to exert spring-loaded compression parallel to the axis of the neck 
of the femur might test the theory of Pauwels (1935) that ischaemia could be prevented if the 
action of shearing forces on the fracture line could be eliminated. This idea, that ischaemic 
necrosis is to a large extent the result of defective mechanical treatment, has recently been 
championed again by Dickson (1953) with his advocacy of * shaft fixation ” for all subcapital 
fractures. 

The principle of impacting fractures of the femoral neck with a “ lag-screw ”’ has been 
tried many times in the past (Henderson 1939, Putti 1940, Godoy-Moreira 1940, Lippmann 
1939), and in one instance the lag-screw was combined with a spring (Virgin and MacAusland 
1945). It seems probable that all these efforts were unsuccessful because, in the absence of 
shaft fixation, they permitted the femoral head to shear into the position of varus and lateral 





Fic. 2 
Illustration after Putti (1940) showing displacement of head in absence 
of shaft fixation. 


rotation. This mechanical defect arises because the femoral neck in elderly patients is 
nothing more than a hollow tube (Fig. 1) in which the fatty marrow offers no resistance to 
the lateral movement of the screw—a fact that was recognised by Putti, from whose monograph 
the illustration (Fig. 2) is taken. In the same work Putti showed experimentally that it was 
unnecessary to use screws with very large helical flanges because, even though the marrow 
of the neck was soft, the head of the femur was usually remarkably dense. Using a screw of 
the type adopted in this study Putti showed that an axial pull of from 125-475 kilograms 
was needed to tear it out of the femoral head even in elderly subjects (the greatest figure was 
in a subject aged sixty-five and the lowest in one aged fifty). 

With these ideas and historical precedents in mind, the spring-loaded compression screw 
was devised, which is described in detail below. It soon became apparent in clinical trials 
that this device, in addition to being an excellent method of treatment, was a most importan 
research tool because the design enabled measurements to be made concerning the presence 
or absence, of progressive collapse in the healing fracture with an accuracy of + 0:5 millimetres 
Measurements of this kind revealed that fractures which on ordinary radiographic standard: 
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1 might be considered united often were still showing continuous absorption at the fracture site. 
It was soon found that progressive extrusion of the screw, revealed by the spring-loading 
f even before the patient was permitted to bear weight, was a sensitive indication of ischaemia, 
< i whereas the radiographic tests were unreliable. 
: In presenting this preliminary report we are aware that one-year results are open to 
c ; criticism in that the full effects of ischaemic necrosis have yei to develop. However, we consider 
n : that the high failure rate of completely displaced fractures, during the first year after nailing, 
i @ constitutes the crux of the treatment of medial fractures of the femoral neck, because this 
type of failure is essentially the complete recurrence of the original displacement with the 
n return of total disability for the patient. The development of ischaemic necrosis after the 
n 4 first year is often a much less urgent matter and, though disappointing and the source of 
d pain and disability, frequently it can be handled palliatively in very elderly patients. 
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Fic. 3 

; Compression screw showing sleeve-plate, compression 
1S spring, lag-screw and cylindrical nut. 
to 
yh It is because these observations seem to be of urgent practical importance that we feel 
aS justified in publishing the work at an early stage; we also offer it in the hope that it may be 
Ww correlated with the direct investigations of the circulation in the femoral head using radio- 
of active tracer elements, which are being pursued in various parts of the world, notably by 
ns Boyd and his associates. 
as APPARATUS AND TECHNIQUE 

The appliance—The appliance consists of two principal parts, the screw and the sleeve-plate 
w (Fig. 3). The screw, five-sixteenths of an inch in diameter, bears a coarse thread of wood-screw 
ls fg type on its inner end, and a fine thread on the outer end which engages with a nut shaped 
n externally as a cylinder. To enable the screw to be inserted, the outer end is provided with 
€ a screwdriver slot. The sleeve-plate is essentially a tube which gives a sliding fit for the screw 
Ss. in the medial two-thirds of its length and which opens to a wider diameter at the outer end to 
ds 7 accommodate the cylindrical nut and compression spring. The outer end of the sleeve is 
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attached to a short plate by which shaft fixation is obtained. In the interests of strength 
the sleeve and the plate are forged and machined from a single piece of stainless steel. 

A special feature of design in this instrument is that only one length of screw is required 
to cope with all lengths of femoral neck: this is obtained, while avoiding excessive subcutaneous 
prominence of the appliance, by recessing the spring and nut below the surface of the bone 
in the wide part of the sleeve (Fig. 12). Only one angle of sleeve is used—120 degrees—because 
the method of insertion is adapted to the appliance without regard to the angle of the femoral 
neck. The angle of 120 degrees was chosen in preference to 130 degrees so that the direction 
of spring-loading might neutralise rather more effectively the vertical shearing component of 
gravity (which would, of course, be done best with an angle of 90 degrees). 

The spring exerts a maximal force of approximately twenty-five pounds and has a range 
of expansion of six millimetres. To avoid electrolytic action the spring. like the rest of the 
appliance, is made of Austenitic stainless steel. 





























Fic. 4 


Instrument for inserting compression screw: A—2-millimetre guide wire, 

B—60-degree cannulated protractor, C-—‘* counter-boring”’ tool to recess 

the barrel of the sleeve-plate in the bone, D—tapping drill for lag-screw, 

E—screwdriver for lag-screw. F—** torque-controlled ’’ spanner for cylindrical 
nut. 


TECHNIQUE OF INSERTION 

Special instruments are required to insert the appliance (Fig. 4). The following are the 
steps of the operation. 

1. The fracture is reduced on a fracture table under radiographic control, with antero- 
posterior and lateral radiographs as in the standard Smith-Petersen technique. 

2. The skin is incised over the trochanter, and a quarter-inch (6-millimetre) drill-hole is 
made through the femoral cortex about half an inch (12 millimetres) below the vastus lateralis 
ridge (that is, higher than is usual with the Smith-Petersen nail). A two-millimetre guide wire 
is inserted at an angle of 120 degrees to the axis of the shaft of the femur, using the simple 
cannulated protractor (Figs. 4 and 5). The direction of the guide in the lateral view is controlled 
by eye, but can be assisted by radiological guides such as the Engel-May if desired. 

In the radiological check after tiis first insertion of the guide it will be found that any 
error in the antero-posterior view will be that the guide may be either too high or too low. 
If this is the case, in order to preserve the angle of 120 degrees, a second wire will have to be 
inserted parallel with the first through another drill-hole in the cortex either cephalic or caudal 
to the first. If the head has been reduced into a valgus position the guide will have to 
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Fic. 11 Fic. 12 
Figures 5 to 12—Stages in insertion of the compression screw. See text. 


be placed slightly higher than the axis of the neck if it is to strike the centre of the head. 
This changing of the point of entry of the guide through the lateral cortex of the femur is 
quite unlike the alteration of the angle of the guide more familiar in the Smith-Petersen 
technique. Any error in the lateral view is corrected by orthodox techniques. 

3. The “ counter-boring ” tool (Fig. 4), which is cannulated, is slid over the guide wire and 


turned by a brace (Fig. 6) until it will go no farther. This point is reached when the wide 
diameter cutting edge has sunk below the surface of the cortex until a shoulder at the base 


VOL. 39 B, No. 1, FEBRUARY 1957 
D 














50 J. CHARNLEY, N. J. BLOCKEY AND D. W. PURSER 





of the cutter prevents further entry. It is important during this procedure to watch the external 
end of the guide wire where it is visible in the fenestrated tubular shaft of the instrument in 
order to try to keep it central. 

4. The sleeve is passed into the hole cut by the boring tool and the plate settled against the 
shaft of the femur and attached by one screw (Fig. 7), the remaining screws being inserted 
during the intervals needed for radiography in the subsequent stages of the operation. 

5. The guide wire is extracted and the tapping drill (Fig. 4) is inserted to its full distance 
(Fig. 8), which is reached when the shoulder makes contact with metal, when it can then 
go no farther. 

6. The screw is passed into the sleeve and turned with a screwdriver (Fig. 4) for no more 
than two or three turns. 

7. Radiographs are taken to estimate how much farther the screw must be driven to reach 
the subchondral bone of the head. This extra distance, from the tip of the screw to a point 
just below the cortex of the head, is measured in terms of the pitch of the coarse screw-thread 
to avoid errors from radiological magnification. For example, a distance of four and a half 
screw-threads would mean that a further nine half-turns of the screw would be needed. 

8. While the screw is being driven to its full distance an increase in resistance is often 
encountered of such a degree that the force exerted by the screwdriver might damage the 
screw-slot and burr the fine screw-thread. If this thread is damaged the engagement of the 
cylindrical nut is impossible. Therefore, if resistance of this magnitude is encountered, it is 
most important to apply the cylindrical nut to the outer end of the screw at this stage. The 
screwdriver can then be passed down the centre of the cylindrical nut to engage with the 
screw-slot (Fig. 9) and then full penetration of the screw can be obtained without fear of being 
unable to engage the nut. 

9. The fracture is impacted by screwing up the cylindrical nut until the outer surface of the 
nut is flush with the outer edge of the sleeve (Fig. 11). In this position the spring is fully 
compressed. The special spanner (Fig. 4) provided for this purpose is * torque-controlled ” 
in that it has a narrow handle which limits the amount of power that can be applied; without 
** torque-control ” the too violent use of this spanner might avulse the coarse-threaded screw 
from the head of the femur if the bone were particularly soft. Impaction is completed by 
shaking the shaft of the femur and straining the fracture a few times in various directions, 
and then re-tightening the cylindrical nut if any further “ settling-in” of the fracture is 
thereby produced. 

Technical points of special interest—The “* counter-boring ”’ tool is constructed so that it makes 
a central hole approximately three millimetres deeper than the length of the central sleeve of 
the appliance; this facilitates impaction. 

There is no danger of the head of the femur slipping between the extraction of the guide 
wire and the insertion of the screw, because the reduction is held by the position on the 
fracture table as firmly as it was before the insertion of the wire. 

The head of the femur does not rotate, even when it offers great resistance to insertion 
of the screw, because irregularities at the fracture line interdigitate and so cause locking. 

If the screw is not placed centrally it is best to err towards a posterior situation to 
minimise any tendency for the screw to cut out by the forces tending to cause lateral rotation 
of the shaft. 

Though the armamentarium looks rather formidable, the insertion of the appliance is 
remarkably simple and straightforward. All who have used it are agreed that it is easier to 
insert than the Smith-Petersen nail. The quality of the reduction is always improved when 
the spring-loaded impaction is applied, and this is still true even when the screw has been 
inserted considerably “ off-centre.’’ This is not true of Smith-Petersen nailing, in which there 
is a tendency for the insertion of the nail to disturb a good reduction and for the head to be 
widely displaced if the nail is imperfectly centred. 
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RESULTS 


Of eighty-one patients who have had this operation, there are forty-four on whom it 
was carried out more than a year ago. Only thirty-three are available for study because of 
the difficulties peculiar to accurate follow-up of this very fragile geriatric age group (the 














TABLE I 
DEATHS AFTER OPERATION (FOUR PATIENTS) 
aes Interval between Contributory cause 
8 operation and death of death 
86 4 days Senility 
75 3 weeks Bronchopneumonia 
74 4 months Senility and hemiplegia 
84 8 months Senility 











average age in this series was 73-4 years). Six patients could not be persuaded to come for a 
final radiographic examination and therefore were excluded. Four patients died after operation 
(Table I). There was one case of sepsis which ended in non-union. 

Of the thirty-three cases that were available for analysis (Table II), twenty-seven were 
* clinical successes ” and six were failures. If expressed as a percentage, 82 per cent of the 
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Fic. 13 
Behaviour of cases in which extrusion did not become arrested within a year. Numbers correspond to Case 
numbers in Table II. 


cases were thus satisfactory—that is, the patient was capable of walking, free from significant 
pain, and had no symptoms sufficient to demand further surgical intervention. Only 18 per 
cent, on these criteria, were failures. This is a considerable improvement on the failure rate 
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DETAILS OF THIRTY-THREE CASES FOLLOWED FOR A YEAR 
AND OF ONE PATIENT WHO DIED AT Four AND A HALF MONTHS 
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Interval 
after Extrusionat Extrusionat Radiological Clinical 
fracture 3months’ 12 months result pe Comments 
before (millimetres) (millimetres) at one year ; 
operation 
Good trabeculation. 
2 days 4 4 Fracture line Excellent 
disappeared 
Good trabeculation. 
4 days 4 4 Fracture line Excellent Spastic hemiplegic 
disappeared 
No trabeculation. 
12 hours $ l Line of fracture Excellent 
dense 
Good trabeculation. 
24 hours | | Slight density of | Excellent 
fracture line 
Good trabeculation. Screw extracted after 4 
18 days 1 1 Fracture line Excellent months— 
disappeared originally in too far 
Good trabeculation. 
24 hours 1 1 Fracture line Excellent 
disappeared 
Good trabeculation. 
24 hours 1 Fracture line Excellent 
disappeared 
Good trabeculation. Screw extracted at 
24 hours 2 2 Fracture line Excellent 7 months—prominent 
disappeared under fascia lata 
Good trabeculation. 
10 days 3 3 Fracture line Excellent 
disappeared 
Good trabeculation. ewer — dig phen 
5 days 3 3 Fracture line Excellent anh ants cee. tin 
disappeared . yume 8 
spring to expand fully 
Good trabeculation. 
7 days 3 3 Fracture line Excellent 
disappeared 
Screw fractured between 
Good trabeculation. 7th and 10th months, 
3 days 3°5 3°5 Fracture line Excellent though radiologically bone 
disappeared thought to be united. 
No detectable ischaemia 
Screw bent between 6th 
: ‘ 9th months, though 
No trabeculation. and 9t ‘ . 8 
— . . : radiologically bone 
5 days 4°5 4°5 Line — Excellent thought to be united. 
Patient hemiplegic 
and did not walk 
et Se ee een a ee 
, ¢ No trabeculation. i 
4°5 4°5 No edleresis Excellent 
COG ear careers hele mae 4; a: No evidence of ischaemia 
* ; No trabeculation. Fair— preceded crumbling of the 
24 hours 4°5 6:0 No sclerosis. uses head feet aatieed between 
Head flattening sticks P 


9th and 12th months 
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complete failure 


| | Interval 
after Extrusionat Extrusionat Radiological _ 
oq Age Sex fracture 3 months’ 12 months result — Comments 
| ‘ before (millimetres) (millimetres) at one year 
operation 
3 Qk SoM oe . Fa 
j : Trace of flattening of the 
Good trabeculation. : 
116 | 72 F 7 days 4°5 75 Head flattening Excellent *©P of the head suggesting 
on camaalt start of collapse. Never 
any evidence of ischaemia 
: >. ' No trabeculation. et - 
17'73 F 5 days 2°5 3°5 Ne esieecis Excellent 
| . 
|__| __— ee —— 
No trabeculation. Very good 
| 18 | 91 F 24 hours 3°5 5-0 Head sinking on for 
neck in “mushroom”’ her age 
Radiologically excellent. 
Good 
od . All movements full. 
19 58 F 2 days 30 7°5 a — “ Arrest of absorption 
org has not yet occurred. 
P This case is suspect 
Died 18 months after the 
Not united. Geed te operation. Would have 
20 83 F 11 days 3°5 7°5 Ischaemic and head ber aoe been a failure in a younger 
slipping 8 patient. Collapse between 
6th and 12th months 
| Sclerosis. 
> . , ? Head sunk on neck 
| 21 | 67 F >} 2 days 3°5 7°5 in * eueonene © Excellent 
Otherwise good 
Screw removed as cutting 
. . into acetabulum. Head 
| 22 79 F 2 days 6°5 8-0 a Good _ revascularised and further 
Ps collapse arrested at 
20th month 
| No trabeculation. 
ls ’ ’ . No sclerosis. Head 
23 77 F_ 6days 7°5 10°5 sinking on neck Good 
in “ mushroom ” 
No trabeculation. Good for PO - 
- “ : Died at 14 months— 
24 87 F 24 hours 7°5 12-0 No sclerosis. Head her age specimen illustrated 
sinking on neck and (Figs. 34 to 36) 
in ““ mushroom ” frailty gs. 
No trabeculation. After “ mushroom ” 
j 13-5 No sclerosis. Head collapse suggests 
, ¢ . 
25/71 F 3 days 15 at 14months _ sinking on neck Good osseous union 
in “* mushroom ” at 17th month 
. Good for Nut came loose and all 
26,84 M 4days 6:0 Ee | a ga age and __s pressure lost between 
: frailty 3rd and 4th weeks 
® Te . Excellent. Not included in graph as 
27 |} 83 | F — 4-0 60 ; ge Initially only 2 radiographs at 
’ . collapsed 8 weeks and 12 months 
Screw cut out and head 
: 7th and 
Ischaemic head came off between : 
28 62 F 16 days 0 120 with Failure '!th months. Remarkable 


case as radiologically 
appeared united at 
6 months 
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TABLE II—contd. 











Interval 
after Extrusionat Extrusion at Radiological — 
a Age Sex fracture 3 months’ 12 months result perm Comments 
z before (smillimetres) (millimetres) at one year 
operation 
|———_ ——_ ——_ —————EE 
No evidence Screw cut out of head 
29 70 F 5 days 4°5 — of ischaemia Failure between 3rd and 
or necrosis 4th months 
Perfect reduction and 
. fectly centred screw. 
No evidence : : : : 
30 85 F 4 days 1-5 ot of ischaemia Failure + Bering weight and very 


successful till screw 
cut out between 
4th and Sth months 
Patient insane and walked 
before 3 months. Screw 
31 66 F 14 days _— — — Failure fractured at 5th month 
and head came off. 
Head ischaemic 
Cut out at 16th day. Very 
soft bone. Technical error. 


or necrosis 














oS) 8 | F eags ba i a Failure Failure predicted at 
time of operation 
OH SPS TOTS RN Te aR ae ere a mm WetPaIPE| “Pree ay terse 
> day ee i. vs ; e 
sot Nosed ened Uhl Failure and head came off 
Died at 44 Bedridden hemiplegic. 


3472 'F i 2 days 40 — — : Practically no 
months weight bearing 











we experienced in the past when using the Smith-Petersen nail. In a small series, from which 
were excluded all the undisplaced abduction fractures, we encountered approximately 50 per 
cent of failures before the end of the first year. 

Of the six early failures, three were due to the screw’s cutting out of the head, one to 
breakage of the screw and two to complete collapse of the head from necrosis. 


MEASUREMENT OF ABSORPTION AT THE FRACTURE LINE 


The design of the appliance makes it a simple matter to measure the extrusion of the 
screw by counting the threads of the coarse screw that project from the sleeve into the head. 
If collapse occurs the number of exposed threads will diminish, and since the distance between 
each thread is an eighth of an inch (3-1 millimetres) there is no need to correct for distortion 
or magnification. The screw is in effect a ‘‘ ruler ” in the centre of the femoral neck. — 

Twenty-six of the twenty-seven patients classified as clinical successes had been examined 
radiographically often enough to enable the progress of extrusion of the screw to be made 
into curves, which are reproduced in Figures 13 and 19. The horizontal line drawn across 
both figures at the six millimetres level of extrusion indicates the amplitude of the compression 
spring: therefore at points above this line a fracture is no longer under spring-loading. The 
vertical right ordinate gives the force in pounds to which the fracture was subjected. Each 
curve is designated by a case number so that the data of the case can be traced from Table II. 

As regards extrusion of the screw, the cases ranged in behaviour between two clearly 
recognisable extremes, with between them a less clearly defined intermediate group. At one 
extreme the total extrusion of the screw was gross and progressed continuously throughout 
the year. This type seemed to be predictable in that the extrusion during the first three months 
was never less than three millimetres. It seemed obvious that these must be cases of ischaemia, 
even though no radiological sign of a relative increase in density of the femoral head was 
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detectable. Seven of the twenty-six cases included in the graphs were of this type (Fig. 13). 
A typical example is shown in Figures 14 to 18. 

At the other extreme were cases in which the total extrusion of the screw was insignificant 
and arrest of this extrusion took place with the spring still exerting over half its force (12-5 lb.). 
These cases seemed to be predictable by the arrest of extrusion within three months, and the 
amount of extrusion never exceeded three millimetres. Eleven of the twenty-six cases in the 
graphs were of this type and all proceeded to unequivocal radiological union in Jess than a year, 
as shown by complete disappearance of the fracture line and the re-establishment of trabeculation 
(Fig. 19). A typical example is shown in Figure 20. 





ae | 


Fic. 14 Fic. 15 





Fic. 16 Fic. 17 Fic. 18 
Case 23, illustrating progressive extrusion of the screw. Figure 14—First post-operative radiograph. 
Figure 15—At twelve days. Figure 16—At seven weeks. Figure 17—At seven months. Figure 18—At nineteen 
months. Clinically satisfactory result though not radiologically united. No radiological evidence of ischaemia. 


There were seven cases which occupied an intermediate group between these two extremes 
of behaviour (Fig. 13—Cases 12, 13, 14, 15, 16; Fig. 19—Cases 17, 18). 

It is difficult to say with certainty what normal or pathological states these intermediate 
cases represent. It seems significant that the two cases of this intermediate group which 
showed the greatest total extrusion before finally becoming arrested (Cases 15 and 16) both 
showed the beginnings of ischaemic collapse of the femoral head twelve months after the 
injury. The arrest of extrusion, which was delayed until six and seven months, seems to 
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indicate that the fracture had united; but the degree of extrusion (6 millimetres and 7-5 
millimetres) might indicate ischaemia too great to allow revascularisation from the distal 
fragment and hence necrosis might be predicted. The radiological appearances in Case 15 
are illustrated in Figures 21 to 24. 

It is necessary to emphasise that despite the extrusion that took place, indicating defective 
union, all of these twenty-six cases in the graphs represent clinical successes. 
Extrusion in the unsuccessful cases—In six cases the operation failed because the head became 
completely detached. Radiographs were sufficiently numerous for measurements of extrusion 
to be made in three (Fig. 25). 
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Behaviour of cases in which extrusion was arrested. Vertical left ordinate indicates extrusion. Right ordinate 
indicates force of spring at corresponding amount of extrusion. Numbers correspond to Case numbers in 
Table IT. 


Case 28—The position was held without a trace of extrusion for three and a half months. The screw 
then extruded three millimetres by the seventh month. Even at this date no evidence of ischaemia 
was present. Sudden failure by cutting out of the screw occurred at the tenth month, at which time 
radiological evidence of ischaemia, as shown by a dense head, had developed. 


Case 29—This conforms to the criteria of Figure 19 because the screw had extruded more than three 
millimetres at three months. It could be predicted that primary osseous union would not occur. 
The screw cut out completely at four months. There was no radiological evidence of ischaemia 
either before or after failure. 
Case 30—The position was held for six weeks without a trace of extrusion. The screw was then extruded 
1-5 millimetres between the sixth and twelfth weeks. Complete failure by detachment of the head 
with cutting out of the screw occurred at the fifth month. There was no radiological evidence of 
ischaemia before failure, but after failure the head appeared dense. 
Site of bone absorption—lIt is obviously of great importance to decide whether the extrusion 
of the screw is caused by collapse of the head, or by absorption of the neck of the femur. 
It is no uncommon thing to suspect absorption of the neck when a Smith-Petersen nail is 
used, though the lateral rotation of the distal fragment usually associated with non-union 
complicates, or renders impossible, accurate measurements. In this series a relatively accurate 
measurement of the length of the neck was possible by noting a fixed point on the sleeve of 
the compression device. Provided the hip was in a position of comparable rotation (recognition 
of which the sleeve-plate moving with the shaft made easy) measurements taken from serial 
radiographs were proved experimentally to be comparable. 

We were completely satisfied that when gross extrusion occurred the absorption took 
place entirely in the head and that the neck fragment almost always retained its original 


length intact. 
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The mushroom or umbrella effect—When this compression screw is used the collapse of an 
ischaemic head on to the femoral neck takes place in a manner quite unlike the collapse that 
one is accustomed to see after Smith-Petersen nailing. In the latter case an ischaemic head 
invariably shears into varus and one has the impression that shortening of the femoral neck 
takes place as a result of repeated shearing friction at every step taken by the patient. In cases 
treated by the compression screw a striking feature was that if collapse developed the head 
settled down concentrically on to the femoral neck. The dense tubular cortex of the femoral 
neck, under the pressure of spring-loading, sank into the head until the latter sat on it like 
a cap or mushroom (Figs. 14 to 18, 26 to 29). In this position the subchondral shell of cortical 
bone of the head, which is quite a strong element in the head, obtains a stable purchase 
over the neck which is capable of resisting shearing stresses. In these cases the hollow ischaemic 
head acts as a “ natural prosthesis ” (rather like the “ cartilage-cup ’” operation of Moore 
(1948)) and gives reasonable functional activity even with fibrous union. The more the head 


. ‘ 





Fic. 20 


Case 9, illustrating “ first intention’? osseous union. Extrusion three millimetres. Fracture line 
disappeared and trabeculation restored. Radiograph shows condition eleven months after operation. 
Originally a fully displaced fracture. 


‘ 


collapses into this ““ mushroom ” form, so as to enclose the stump of the neck, the more 
effectively is shearing strain relieved from the screw, and relieved from it just when the danger 
of cutting out becomes greatest. 


PATHOLOGICAL MATERIAL 
Two important specimens were obtained. They were the complete upper ends of the 
femurs from patients who died four and a half months and fourteen months after operation 
with no symptoms referable to the hip—that is, they had been “ clinical successes.” * 


Specimen 1. Case 34—Woman aged seventy-five years. Death occurred at four and a half months. 
The extrusion of four millimetres was arrested at seven weeks and remained constant thereafter. 


* The patient who died at four and a half months is not included in the main series because the follow-up 
was less than a year, but the clinical details are recorded as Case 34 in Table II. 
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Fic. 23 Fic. 24 


Case 15. Figure 21—First post-operative radiograph. Figure 22—Total extrusion six millimetres. Extrusion 
arrested at seven months. Figure 23—At twelve months. Start of ischaemic necrosis. Figure 24—At twenty 
months severe collapse (see Fig. 13). 
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Radiographs of the intact specimen (Fig. 30) showed no evidence of ischaemia and clinical radiographs 

while the patient was alive were the same. 

In sharp contrast to the radiological appearance, the naked eye appearance of the cut surface 
of the fresh specimen (Fig. 31) shows without doubt that the femorai head was totally ischaemic. 
A zone of revascularisation is spreading into the dead head for a distance of about half a centimetre 
at the point where the inferior surface of the neck is impacted (under pressure) into the dead head. 
H The specimen was sawn into slices and digested in trypsin. Two of the slices showed osseous 
union between the head and the neck (Fig. 32) whereas the other slices fell apart, indicating that the 
| head was uniting by bone only through a small bridge. 

i In histological preparations (Fig. 33) it was noticeable that in contrast to the heavily engorged 
j blood vessels of the femoral neck the head of the femur showed a complete absence of blood vessels. 
{ The fatty marrow between the trabeculae in the femoral head was necrotic. The trabeculae themselves 

ia were atrophic. There was very little evidence of new bone formation and what new bone was present 
; was restricted to the immediate vicinity of the end of the fractured femoral neck. 

Specimen 2. Case 24—Woman aged eighty-seven years. Death occurred at fourteen months. There 

had been continuous extrusion throughout the year (Fig. 19). The total extrusion was twelve 

millimetres. The result was a clinical success, but the patient was frail and hardly ever tried to walk. 

Radiographs taken while she was alive showed no definite evidence of ischaemia. Radiography 
of the bisected specimen also failed to show ischaemic necrosis. The naked eye appearance of the 
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Details of extrusion in three out of the six unsuccessful cases. Numbers correspond to Case numbers in Table II. 


cut surface of the fresh specimen (Fig. 34) showed that, except for two small zones at the periphery, 
the head was not completely ischaemic. 

Digested preparations were made from the slices that were not used for histology. Osseous union 
was present in two (Fig. 35), but the others fell apart at the fracture when all collagen had been 
dissolved away. 

Histologically (Fig. 36) it was noticeable that new bone was very scanty, being restricted to the 
inferior margin of the femoral neck. The presence of a limited circulation in the femoral head was 
confirmed histologically, but despite this the fat cells were necrotic and the trabeculae were even 
more atrophic than in the totally ischaemic head of the previous specimen. 


DISCUSSION 

A feature which we wish particularly to emphasise in the selection of cases for this study 
is that no undisplaced fracture has been included. Only cases that required manipulative 
reduction before fixation have been considered. The inclusion of undisplaced fractures in 
statistics for osseous union in fractures of the femoral neck treated by any method produces 
an improvement of 10 or 20 per cent in the results and does not help the study of the essential 
problem, which is the treatment of the displaced fracture of the femoral neck. Trueta and 
Harrison (1953) showed that varus displacement at the initial injury must always rupture 
y the “lateral epiphysial” arterial blood supply, which is the most important contribution from 
the neck to the head, while in valgus or undisplaced fractures this source of blood supply 
will be intact. 
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Fic. 27 


Case 21—Good example of “‘ mushroom ”’ collapse with stump of the neck burying itself into the interior of 
the head under the influence of spring-loading. Figure 26—Immediately after operation. Figure 27—Ten 
months later. 


Fic. 28 Fic. 29 


Case 25—Gross extrusion followed by bony union. Figure 28—Immediately after operation. Figure 29— 
Seventeen months later. Excellent result. 
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Fic. 30 


Case 34—Radiographs of specimen obtained at necropsy four and a half months after operation. No 
radiological evidence of ischaemic necrosis. 


An obvious criticism of this technique is the possibility that the spring-loaded compression 
might be the factor responsible for destroying the blood supply of the head fragment. That 
pressure is not harmful to osseous union is supported by the following considerations: 





Fic. 31 


Case 34—Cut section of specimen showing total ischaemia of head. 
Note revascularisation starting round cortex of inferior part of 
neck at point where it is driven into head under pressure. 


1. Eleven cases of the series (33-3 per cent) showed perfect osseous union, demonstrated 
by retrabeculation in the radiographs. The early arrest of extrusion in these eleven cases 
indicated moreover that this was “ first intention ’’ osseous union. The fact that the other 
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Fic. 33 


Case 34—Histological section, showing partial atrophy 

of trabeculae of the head associated with ischaemia. 

New bone formation localised to end of the neck 
fragment (A). 
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Fic. 32 


Case 34—Slices of specimen digested in trypsin to remove collagen, showing osseous union present in a localised 
area between neck and dead head. 






















cases in the series showed progressive and 


continuous extrusion of various degrees of 


severity is taken to imply that the cause of 
the extrusion was resident in the condition 


of the head and not in the action of 


pressure per Se. 


2. The ischaemic head of the specimen 


illustrated in Figure 31 indicates that re- 
vascularisation is proceeding most actively 
at the point where the cortex of the femoral 
neck is being driven deep into the 
ischaemic head, and therefore presumably 
at the point of highest pressure. There is 
no revascularisation at any other point in 
the broken surface of the head. 


3. The pressure on the cancellous bone 
of the head must obviously be localised 
to the relatively small area in direct contact 
with the edges of the broken neck of the 
femur which has the shape of a hollow tube 
(Fig. 1). The marrow in the interior of the 
neck is of almost fluid consistency and there 
must therefore be a large cancellous surface 


of the head fragmentnot exposed to pressure. 
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4. The use of this compression screw in basal and pertrochanteric fractures (if they are not 
too grossly shattered to permit the fragments to be compressed) has been very satisfactory 
in seventeen cases. Indeed the results in fractures in which both fragments are known to 


Fic. 34 
Case 24—-Bisected specimen obtained at necropsy fourteen months after operation. 


Fic. 35 
Case 24—Slices of specimen digested in trypsin, showing, when all collagen was removed, that true osseous 
union was present at a localised point. 


have an intact blood supply have been most remarkable in that union seems to take place 
in about four weeks, just as we are accustomed to expect union in compression arthrodesis 
of the knee. Our experience suggests that the use of compression in lateral fractures of the 
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neck of the femur which are not excessively comminuted may be one of the most dramatic 
applications of compression in the healing of cancellous bone. 


5. It has been shown by direct biopsy examination in compression arthrodesis of the knee 
(Charnley 1953) that the load is transmitted entirely by the bone trabeculae and the circulation 
can proceed unimpeded in the cancellous spaces. 


Spring-loading versus simple extrusion—It is apparent from recent publications (Schumpelick 
and Jantzen 1955, Pugh 1955) that independent work in Germany and America has led to 
the development of appliances for fractures of the neck of the femur giving shaft fixation 
which at the same time allow the fractures to collapse. Both these instruments concentrate 
on directing the force of body weight or muscle tone along the axis of the neck of the femur 
to produce intermittent compression and neither of them uses spring-loading to enhance 
impaction. 





Fic. 36 


Case 24—Histological section showing gross atrophy of 
trabeculae in femoral head. New bone formation restricted 
to small area near end of inferior cortex of femoral neck (A). 


Without spring-loading no advantage is taken of the friction grip at the fracture line by 
which to secure absolute immobilisation against rotational strains. In the Pugh nail rotation 
is prevented by using a triflanged nail; but rotation of the nail in the sleeve-plate has to be 
prevented by a pin engaging a longitudinal slot. One suspects that if sufficient clearance is 
given to guarantee freedom, then slight rotational play will be unavoidable, and though this 
may seem very little, its effect will be considerably magnified at the periphery of the neck. 
It is impossible to use spring-loading in the Pugh device because it would pull the triflanged 
nail out of the head; indeed to prevent spontaneous expulsion of the nail from the head a 
special “ friction ring” is an essential part of the device, which will have a slight effect of 
holding the fracture apart (as all nails tend to do) until the patient is able to take weight on 
the limb to overcome the grip of the friction ring. 

In the German device a screw is used but no spring-loading is incorporated. Because of 
its obvious inability to resist rotational movement, this design of appliance appears to be 
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unsuitable for medial fractures though, like the Pugh nail, it is likely to be highly satisfactory 
in trochanteric fractures. 

The use of spring-loading increases the sensitivity of extrusion of the screw as an indicator 
of defective blood supply. At the time of operation the compression of the spring by the 
nut produces an initial impaction, and extrusion under spring-loading will therefore start 
from a true base line. Without spring-loading it will be impossible to be sure to what extent 
the first stages of extrusion merely indicate mechanical “ settling down ”’ of the fracture line 
as opposed to biological absorption. 


CONCLUSIONS 


We adduce the following conclusions from our experience of using this spring-lozded 
compression screw on completely displaced medial fractures of the femoral neck: 
1. That this method probably eliminates non-union when the head is fully viable. 
2. That primary “ first-intention ” osseous union occurs in approximately 33-3 per cent of 
cases. 
3. That a vascular complication, of varying severity, undetectable by orthodox radiological 
tests, is revealed by extrusion of the screw in 66-6 per cent of cases. 
4. That these observations disprove the idea that the main obstacle to revascularisation of 
an ischaemic head is the existence of forces so inclined to the axis of the femoral neck as to 
cause “* shear.” 
5. That, compared with the Smith-Petersen nail used for completely displaced fractures, 
continuous spring compression can materially reduce the incidence of utter mechanical 
failure within the first year after operation. This is the result of “* mushroom” impaction 
which itself can resist shearing strain and so can permit function as a fibrous union. 
6. That early and rapid extrusion is a sensitive indication of a vascular complication in the 
head. Forewarned by this, activity can be restricted, or possibly other measures adopted, to 
anticipate or permanently postpone serious trouble. 


We wish to thank surgeons in charge of units in the Manchester area for their co-operation in making available 
cases for this study, most notably Mr D. Lloyd Griffiths, and also Mr W. Sayle-Creer and Mr C. H. Cullen. 
The compression screw is made by Messrs Chas. F. Thackray Limited, Park Street, Leeds, 1. 


This device has been patented in the United Kingdom and principal countries overseas, and royalties are to be 
used to form a research fund for the advancement of orthopaedic surgery, which fund is to be administered 
by the University of Manchester. 
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PARTIAL SYNOVECTOMY AND CURETTAGE IN THE TREATMENT OF 
TUBERCULOSIS OF THE HIP 


M. C. WILKINSON, BLACK NOTLEY, ENGLAND 


The results of treatment of thirty-nine patients with tuberculosis of the hip are presented 
in this article, which is supplementary to a report published previously (Wilkinson 1953). 
All these patients were admitted during the years 1949-1955. They were selected patients in so 
far as none had suffered complete destruction of the joint space, though many had severe 
disease. All were treated by constitutional treatment, antibiotics and intra-articular operation, 
which varied from simple arthrotomy to partial synovectomy with curettage of bone foci. 
The diagnosis was confirmed in thirty-five of the thirty-nine patients by microscopy; in two 
others tubercle bacilli were found in pus from an abscess, and two others had an active primary 
focus in the lung at the time of admission. The operative treatment varied not only according 
to the amount of disease present, but also according to the date when the patient was admitted. 


Thus during 1950 and the early part of 1951 caution forbade early operation because of 


TABLE I 


RESULTS OF TREATMENT OF THIRTY-NINE PATIENTS TRI ATED BY CONSTITUTIONAL 
THERAPY, ANTIBIOTICS AND INTRA-ARTICULAR OPERATION, ACCORDING TO AGE 











Age in years Restoration of function Stabilisation operation 
0- 5 14 taco fe ae eae 
6-10 il 3 
11-15 * 1 
16-20 4 1 

21 and over 0 3 

eae Ls i me : 








uncertainty whether antibiotics afforded sufficient protection against dissemination of the 
disease. It became clear, however, that the results of this policy were variable, and from the 
early part of 1951 onwards operations were performed earlier and were more extensive. No 
attempt has ever been made to remove all the tuberculous tissue from a joint, nor has the 
femoral head ever been dislocated. 

The immediate results of the treatment of these patients are recorded in Table I, where 
they are grouped according to the age of the patient on admission. It is seen that thirty-one 
patients recovered with some return of joint function, but that operative stabilisation was 
undertaken in eight patients. Three of the failures were in adults and one in an adolescent, 
and of these four, three had prolonged symptoms before admission. 

The same results are classified according to the year during which the patient was admitted 
in Table II. It will be seen that five of the eight failures occurred in patients admitted during 
1950: there were three failures in patients admitted during 1952 but two of these were the 
adults already referred to. Since 1951, when earlier and more complete operations were 
first undertaken, there has been only one immediate failure in the treatment of a child’s hip. 

In addition to the immediate failures there were two later relapses, but before these are 
referred to, the immediate failures will be discussed. One of the immediate failures during 
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1952 was in a child: she had constitutional treatment, full antibiotics and early and adequate 
surgery, yet the disease progressed to destruction of the joint. This was the only patient in 
the series to manifest this lack of response to early operative treatment. Three failures among 
patients admitted during 1950 were in children; two were in adults. The children were operated 
upon three and a half months, five and a half months and nine months after admission, at a 
time when the joints of two of them had already suffered damage which proved to be 
irreparable. After operation the progress of the disease was halted, but stabilisation had by 
that time become necessary. The disease in the third child admitted during 1950 and operated 
upon four months after admission progressed after operation. The following are brief 
particulars of these patients. 


CASE REPORTS 


Case 1—Boy aged seven. Admitted in May 1950 with acute tuberculous disease of the right hip. 
There was a delay of seven weeks before treatment with streptomycin was begun, but thereafter the 
drug was given in daily doses of 0:25 gramme for ninety days. Radiographs at the beginning of 
treatment showed that the joint was still intact. Plain radiographs and tomographs a month later 


TABLE Il 
RESULTS 0} TREATMENT GROUPED ACCORDING TO YEAR OF ADMISSION 





Year of Number of Restoration Stabilisation 

admission pa:ients admitted of function operation 
i 1949 ivi 2 ; ee 2 : 0 
1950 12 7 5 
1951 6 6 0 
1952 6 3 3 
1953 9 9 0 
1954 2 2 0 
1955 2 2 0 

Ee Ee eS 











showed no bone cavity; yet at operation in September 1950 marked synovial swelling was found, 
with pus and granulations in the joint. Pus was seen exuding through a cloaca in the cartilage of the 
femoral head. An attempt was made to curette the femoral head through this cloaca. Subsequently 
the joint deteriorated and was destroyed. 


Case 2—Girl aged six. This child had been admitted for observation of the hip during 1949 
but was later discharged as non-tuberculous. She was readmitted in December 1950 with acute 
disease in the left hip. Treatment with streptomycin (0-25 gramme daily) was started at once. The 
oint space was preserved but osteoporosis increased and the outer lip of the acetabulum was eroded. 
)peration was performed in September 1951: much thickening of the capsule and synovium with 
aseation was found; the cartilage of the femoral head was intact; the surface of the femoral neck was 
nuch roughened. Operation was followed by rapid clinical and radiological improvement but the 
ntegrity of the outer lip of the acetabulum was lost. Some adduction of the hip developed and a 
lisplacement osteotomy was therefore performed. 


‘ase 3—Girl aged six. This patient was admitted with acute disease of the right hip in October 1950. 
streptomycin (0°25 gramme daily) was given for ninety days. Early radiographs showed a narrowed 
oint space with a minimal area of ischaemic necrosis in the femoral head. Progressive subchondral 
lestruction of the femoral head occurred, in spite of antibiotic treatment. Operation was performed 
n April 1951. In spite of the radiological evidence of loss of subchondral bone in the femoral head, 
he dome of the cartilage appeared to be intact. A cavity in the femoral neck was found which 
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communicated with the area of subchondral destruction and contained pus. After operatior 
progressive recalcification rapidly occurred but some adduction deformity developed, and a displace 
ment osteotomy was therefore performed. 


It will be noted that all three of these children had only 0-25 gramme of streptomycir 
daily. Later, when more streptomycin became available, 0-5 gramme daily was prescribed 
for children. It is doubtful, however, whether the increased dose would have saved the joints 
of these children without operation, as all three had bony necrotic lesions. 

The thirty-one patients who regained function as an immediate result of treatment wil 
now be considered. A recent follow-up examination has been made on all but two of them 
The exceptions were a child operated upon in 1950 who regained a good range of movement 
but who left the region a year after her discharge and has not been traced, and a youth whose 


TABLE III 


FOLLOW-UP OF TWENTY-NINE PATIENTS, COMPRISING TWENTY-SIX CHILDREN, TWO ADOLESCENTS 
AND Two ADULTS, EXAMINED FOR FUNCTION AFTER TREATMENT FOR TUBERCULOSIS OF THE HIP 











Duration of Number of puntscnnnnaiecniaind Relapse 
follow-up pateeens Full range Goodrange Small range 
Over 5 years 3 3 0 0 0 
Over 4 years 7 3 2 0 2 
Over 3 years 6 5 1 0 0 
Over 2 years 7 6 0 1 0 
Over 1 year 3 2 1 0 0 
Under 1 year 3 0 3 0 0 
29 19 7 1 2 | 











joint had seemingly returned to normal three months after his discharge, but who also left the 
district. The follow-up results of twenty-nine patients are therefore given in Table III. By full 
range of movement is meant movement wholly or almost normal: by good range is meant 
flexion to 90 degrees or more with some movement in other directions: by small range of 
movement is meant a range of 25 degrees which was found in one patient (Figs. | and 2). 

The two patients who relapsed were both children operated upon in 1950 and discharged 
during 1951. The cause of relapse was the same in both patients, namely that an acetabular 
cavity which was observed in 1950 was not curetted, though a partial synovectomy was 
performed. These children seemed at first to recover with good function, but after several 
years the cavity in each patient increased in size. In one child the joint has suffered further 
damage and an arthrodesis has become necessary. In the other child the cavity was curetted 
in time and full range of movement has been retained (Figs. 3 to 5). There has been no relapse 
among patients operated upon during 1951 or later, nor does any patient appear at present 
to be in danger of relapse. 


MACROSCOPIC CHANGES FOUND AT OPERATION 

The thirty-nine patients may be divided into two groups which have been assessed both 
on radiological appearances and on the condition found at operation. No necrosis of bone 
was visible in twelve of the patients; in twenty-seven there was significant evidence of bone 
necrosis. The prognosis for hips in which bone necrosis had occurred was worse in this 
series of patients (Table IV). 

Nevertheless it does not follow that, because no bone foci are seen, the disease is 
necessarily benign. Four of the twelve patients with synovial disease were found to have 
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Fic. 1 


Case 5—Tuberculosis of left hip. Intra-articular operation performed. Much pathological change in joint 
including partial destruction of cartilage. 


Fic. 2 


Case 5—Condition eighteen months later. Range of flexion through 25 degrees. Comfortable stable hip. 
Patient enjoys dancing and can play some games. 
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Fic. 3 


Case 6—Tuberculosis of left hip. Rarefaction present at inner side of acetabular roof, which, on 
tomography, had the appearance of a cavity. Treated by partial synovectomy. 


Fic. 4 
Case 6—Condition three years later. Slight coxa magna. Widening of joint space. No acetabular 
cavity visible. 


Fic. 5 
Case 6—Two years later radiograph showed reappearance of acetabular cavity. Narrowing of joint 
space. Good function of hip maintained. The cavity was curetted and pus evacuated, and almost 
normal function was preserved. 
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pus and tuberculous granulations in the joint when it was opened: the physical signs of these 
} patients, who had oedema and spasm of the hip, were more informative than the radiological 
films (Fig. 6). Eight of the twelve patients had no pus in the joint but the synovial membrane 


TABLE IV 


IMMEDIATE FAILURES OR LATER RELAPSES GROUPED ACCORDING TO THE 
PRESENCE OR ABSENCE OF NECROTIC BONE FOCcI 




















: Number of Successful Immediate Later 
Type of disease patients results failures relapses 

‘ Synovial : ; 12 10 2 0 

Synovial plus bone 27 19 6 2 
| 

and capsule were thickened and oedematous. The margins of the articular cartilage were 

slightly eroded by pannus. In one patient who had had a considerable course of constitutional 
: treatment and antibiotics there was much fibrosis of the synovial membrane, which was 
i adherent to the femoral neck and to the capsule. The only patient in this group who had 
; lost the cartilage over the femoral head was an adult. 

t 

3 

j 








Fic. 6 


Case 7—Child aged three. Tuberculosis of left hip. Radiograph on admission showing little change. 

Oedema and spasm present clinically. Streptomycin (0-25 gramme daily) was given. Operation 

delayed owing to attack of tonsillitis. At exploration multiple abscesses were found. The capsule was 

ruptured with protruding tuberculous granulations. The cartilage was intact. Subsequent recovery, 
but with development of severe coxa magna. 


Nea li lave BAS PN thine 


The twenty-seven patients who had necrotic foci in bone all had an associated synovitis 
of the hip. Many of these patients had severe pathological changes, but it was remarkable 
how the cartilage had survived in most. Cavities were usually postero-medial, both in the 
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Fic. 7 


Case 8—Child aged fifteen months with tuberculosis of left hip. Radiograph shows condition 
on admission. History of only a few weeks duration. Full antibiotic treatment started. 


Fic. 8 


Case 8—Condition three weeks after admission. Rapid progress of disease in spite of antibiotics. 
Operation shortly after this radiograph showed head and neck full of pus. Cartilage intact. 
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Fic. 9 


Case 8—Six weeks after operation there has been recalcification of the femoral neck: the 
femoral head is not visible, except for rim of bone beneath the arc of the cartilage. 


Fic. 10 


Case 8—Fifteen months later. Partial reformation of the femoral head. Flattening and 
broadening of the femoral neck. 
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acetabular region and in the femoral neck: the subchondral bone of the femoral head appeared 
to be particularly vulnerable though the cartilage over it survived (Figs. 7 to 10). 















Fic. 11 


Synovial membrane. Solitary tubercle showing increase in peripheral 

lymphocytes, some vacuolation of the centre and tendency to spindle 

forms of epithelioid cells. These tubercles are on the way to fibrosis. 

This change is more frequently seen after treatment with streptomycin 
treated lesions. (By courtesy of Dr Ian Prentice.) 





Fic. 12 


Synovial membrane. A solitary tubercle showing increase in peripheral 

lymphocytes, vacuolation of the centre and “* rounding ” of the epithelioid 

cells. These tubercles are already on the way to complete resolution and 

several stages in the process can be seen in a single section. This change 

is more frequently seen after treatment with Isoniazid. (By courtesy of 
Dr Ian Prentice.) 


Patients who were operated upon after antibiotic treatment seemed to have gained little 
benefit so far as the bony lesions were concerned. Pus was often found. 
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MICROSCOPICAL APPEARANCES 


The improvement after antibiotic treatment was more marked in synovial membranes 
than in bone. The degree of change in the synovial membrane varied according to the duration 
of antibiotic treatment. The change effected by antibiotics consists in a gradual disintegration 
of the follicles, which may still be recognised by those accustomed to their altered appearance 
at quite a late stage of the process, but finally any specific changes may become unrecognisable 
though the changes of chronic inflammation persist. Fibrotic changes also supervene 
(Figs. 11 and 12), 

Particular mention should be made of the patient already mentioned who relapsed on 
account of an acetabular cavity although the joint was not invaded. The cavity was curetted 
in 1955 and at the same time the synovial membrane, which had been partly removed five 
years before, was examined; though thickened it was found to be soft and pliable, and of 
healthy appearance. A piece was removed for microscopy. Fibrosis was seen but no evidence 
of tuberculosis or chronic inflammatory disease. 


EARLY EFFECTS OF OPERATION 


The early effects of operation can be divided into general and local. Robertson-Lavalle 
(1942) maintained that operation into a focus of skeletal tuberculosis produced an unexplained 
improvement in the patient’s general condition. In my experience I have been able to verify 
this observation. An unsteady temperature becomes steady, appetite improves, and the patient 
gains weight. The erythrocyte sedimentation rate reverts to normal. The changes are 
comparable to those that follow drainage of an infected focus. Associated lesions, such as 
those in the lungs, are also found to improve. Even more striking is the local improvement 
in the affected joint. Oedema and spasm rapidly diminish, and evidence of commencing 
recalcification is seen radiologically. All these changes may follow antibiotic treatment 
without intra-articular operation, but they are accelerated by operation and an effective 
response is usually produced in patients whose response to antibiotics is inadequate. 

The course of events in one patient especially illustrated the need for liberation of any 
retained pus or necrotic material in bone. 


CASE REPORT 


Case 9—Boy aged eight. Admitted in June 1953: several necrotic osseous lesions present in an 
active tuberculous hip. Full constitutional and antibiotic treatment started. In July 1953 partial 
synovectomy was performed, and two cavities in the femoral neck were opened and curetted. Pus 
was drained from these cavities and also from another in the lower part of the acetabulum. A fourth 
focus in the intertrochanteric lesion was also opened but treated in a rather perfunctory manner as 
it was felt that the main foci had been dealt with. The hip improved but there was not the rapid 
resolution that one has become accustomed to expect. Radiographs in November 1953 showed 
improvement in the foci operated on, but progressive enlargement of the cavity in the intertrochanteric 
area was taking place. It was decided to explore and drain this cavity but before this could be done 
a cold abscess appeared in the thigh. The abscess did not return after one aspiration. The appearance 
in the bone rapidly improved and further progress was uninterrupted (Figs. 13 to 16). 


LATE SEQUELAE 

It has been interesting to note the late effects on joints that have been the seat of severe 
tuberculous infection but that have survived with return of function. The most frequent 
change observed is that to which the name of coxa magna has been given. The changes 
consist of a general enlargement of the femoral head and neck, due no doubt to increased 
blood supply, and comparable to the changes that have been observed after tuberculosis of 
the knee in children. As in tuberculosis of the growing knee lengthening is produced, so also 
in one patient with coxa magna lengthening was present. Some flattening and distortion of 
the femoral head may also occur, so that in some patients the final condition may somewhat 
resemble healed Perthes’ disease. The femoral head may sometimes no longer fit the acetabulum 








M. C. WILKINSON 


Fic. 13 
Case 9—Tuberculosis of right hip shortly after admission. Full course of antibiotics started. 
Multiple necrotic lesions of bone. Narrowed joint space. Operation soon after admission 
showed multiple bone abscesses: cartilage intact. 


Fic. 14 


Case 9—Condition four months after operation. Resolution delayed. Increase in size of 
cavity in upper end of femoral shaft. 
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Fic. 15 
Case 9--Four months later. Rapid healing after spontaneous evacuation of abscess from 
bone. 


Fig. 16 
Case 9--Two and a half years after onset. Bony lesions healed. Slight coxa magna. Increased 
width of joint space. 
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and may be partly extruded, but in this series Shenton’s line has not been interrupted and 
no instability has been present. The author therefore ventures the opinion that acetabuloplasty 
to form a false roof is not necessary: similar disparity which occurs after the treatment of 
tuberculosis of the knee in children adjusts itself as the child grows older and it seems possible 
that this will also occur after the treatment of tuberculosis of the hip. Coxa magna was 
found in fourteen of the thirty-one patients whose hips recovered with function. Most of 
these changes were only slight but several were moderate and one severe. In no instance 
has there been any discomfort or interference with function (Fig. 17). 





Fic. 17 
Case 10—Radiograph four years after treatment. Coxa magna present. The patient has become 
a professional ballet dancer. 


A surprising sequel found on follow-up is that, whereas a joint space was narrowed on 
admission when compared with the normal side, it is found later to be wider than the normal 
side (Figs. 14 and 17). This widening was found in twelve of the thirty-one patients. It has 
been noted above that the cartilage at operation is usually found to be intact: narrowing 
therefore cannot be due to destruction of cartilage. 


SUMMARY AND CONCLUSIONS 


The records of these patients show that restitution of joint function is quite possible 
even after severe disease. These results have been obtained by a combination of three methods, 
constitutional, antibiotic and operative. The duration of treatment averaged ten months 
and the patients were discharged to full activities in a short time without splints. There was 
one immediate failure in a child who received full, early and adequate treatment. There were 
two late relapses in patients treated early in the series whose operation was inadequate. The 
results were more variable in adults. If it is conceded that the triple treatment is valuable 
for patients with bone necrosis or severe synovial disease with pus in the joint, eight patients 
in this series remain who might have got better without operation. Two of these had had a 
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synovial biopsy before admission. Whether the remaining six would have done as well without 
operation is a matter for speculation. It is difficult to assess the condition inside the joint 
solely by radiographic examination. Cauchoix (1955) allows me to say that, at the Institut 
Calot, Berck Plage, he has used similar methods to those reported in this paper, and that he 
endorses my belief that good results can be obtained by them. He does not, however, open 
the joint when operating upon an iliac focus, and for patients with purely synovial disease he 
prefers repeated intra-articular injections of streptomycin to operation. For my part, I 
consider that a simple arthrotomy at the beginning of treatment is less disturbing, and that, 
even if it is only done for diagnosis, it may be of therapeutic benefit. To me it seems unjustifiable 
to delay intra-articular operation for a patient whose hip disease is not manifestly resolving: 
operation is especially indicated for patients who have necrotic bone lesions. 


REFERENCES 
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THE THENAR FLAP 
ADRIAN E. FLATT, Iowa City, U.S.A. 
Formerly Orthopaedic Registrar, the London Hospital, London, England 


In a paper published two years ago I strongly recommended the use of the 
palmar or thenar flap (Flatt 1955); indeed, the phrase “ we have yet to have an ungrateful 
patient ’’ was used. Such firm advocacy provoked a lively correspondence, and this paper 
discusses the details of the procedure and some of the ways by which ungrateful patients 
may be produced. 

SELECTION OF CASES 

This is a well established operation with limited but clearly defined indications. The 
ideal case is that in which the finger has lost the skin and pulp of the terminal phalanx but 
has the major part of the nail and bone intact (Fig. 1). In such a case virtually a normal 





Fic. 1 
The type of skin and pulp loss which should be treated by a thenar flap. 


fingertip can be produced (Figs. 2 and 3) and the donor site rapidly settles down and is not 
troublesome (Figs. 4 and 5). The greater the amount of bone that is lost the less likely is it 
that a flap will give a reasonable finger. If the major part of both the phalanx and the nail 
bed are destroyed it is pointless to do a flap operation, because the two rigid structures that 
could give any support to the fat and skin have been lost and a flabby patulous fingertip 
can alone result. 
THE OPERATION 

The operation is carried out as follows. The injured finger is covered with a finger stall, 
and the hand and forearm, excluding the injured finger, are cleaned with Cetavlon and spirit. 
A two-inch square area on the forearm, the base of the injured finger, and the general area 
from which the flap is to be raised are infiltrated with local anaesthetic solution. 
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From the forearm a medium-thickness split-skin graft is cut and the donor area is dressed 
with tulle gras, dry dressing and a crepe bandage. The graft is kept in a damp saline swab. 


ees et att AN el Bite ta SO A aT TS 


Fic. 3 
Figure 2—A typical result four months after injury. Figure 3—Result a year after injury. 


Fic. 4 Fic. 5 
Figure 4—Donor site after one year. Figure 5—Donor site after two and a half years. 


The injured finger is cleaned and the skin edges and nail are trimmed. The finger is 
ent over so that the raw tip leaves an imprint of blood on the thenar eminence. It is at this 
ite that the proximally based flap must be cut. The length of the flap should not be more 
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than twice its width. About two-thirds of the thickness of the subcutaneous fat should be 
carried on the flap, the remaining fat being left as a bed for the graft (Fig. 6). 

The split-skin graft is sewn into the defect created and turned up on to the raw surface 
of the flap at its base. 

The finger is flexed and the flap sutured into the defect, being attached at its distal end 
to the edge of the nail bed. A firm attachment can be obtained by passing the sutures through 
the nail, which should be cut back about a tenth of an inch to allow accurate contact of the 





Fic. 6 
A flap raised to show the fat left on its under-surface. 


soft-tissue edges (Fig. 7). A few side sutures are permissible, but no attempt should be made 
to close fully the two sides of the defect. To do this would stretch the flap transversely and 
might obliterate the vessels that run longitudinally. 

A small wedge-shaped gauze dressing is wrapped in tulle gras and placed between the 
palmar surface of the finger and the split-skin graft, thereby ensuring the necessary pressure 
to ensure take of the graft. 

The finger is immobilised by a long malleable aluminium splint, padded with foam rubbe: 
on its contact surface, which passes over the finger and proximal to both surfaces of the 
wrist (Fig. 8). 

POST-OPERATIVE CARE 

The dressing in the palm is changed every fourth day. 

On the fourteenth day the base of the flap is severed after an injection of local anaesthetic 
and the flap is sutured in place of the fingertip. Active movements are encouraged. 

The forearm donor site should be left untouched for at least ten days and preferably 
for fourteen days. When the dressing is removed at this time, the area should be epithelialisec 
and no further dressings are necessary. 

The sutures in the finger should be removed seven to ten days after separation of the flap 
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Fic. 9 Fic. 10 

Figure 9—The donor site on the thenar eminence for the four fingers—each having been marked individually. 

Figure 10—The result of using ill advised donor sites. Note how the little finger is attempting to take up the 
normal anatomical position. 


Fic. 11 Fic. 12 


Figure 11—The flap was detached from this finger after one week: only a small part near the nail survived. 
Figure 12—The greatest extension possible in a finger in which the flap was left attached for four weeks. 
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POSSIBLE CAUSES OF IMPERFECT RESULTS 

Site of flap—The vital point in the procedure is the selection of the donor site for the flap. 
If each finger is flexed in turn so that it touches the thenar eminence, it will be seen that a 
very small area of thenar skin is actually touched (Fig. 9). Although the actual sites of contact 
vary in different individuals, it must be stressed that this general area is the correct donor 
site and that the areas touched by the fingertips when all are flexed together are not the ones 
from which flaps for the individual fingers should be cut. There is a natural radial deviation 
of the flexed fingers and to force a finger, or fingers, into an unnatural position will produce 
so much tension on the flap that it will pull away, infection will result, and the operation 
will fail (Fig. 10). 

To attempt to close the palmar donor site by direct suturing is, 1 believe, an error in 
technique which will frequently cause disaster. An actual epithelial defect has been created 
in the inelastic palmar skin and it should be closed only by grafting and not by suturing 
under tension. 

Position—The actual position of flexion of the finger is important. The finger should lie 
with medium flexion of all three joints. If it is tightly flexed at all joints a too distal donor site 
will be selected, and if the distal interphalangeal joint is extended the flap will probably bend 
back on itself and obliterate its blood supply. The ideal position is one in which the flap is 
at right angles to the thenar skin (Fig. 7). 

lime—An arbitrary time of two weeks’ attachment is suggested. Experience has shown that 
this is long enough to allow a satisfactory blood supply to grow in from the finger. To separate 
the flap at a week will inevitably lead to loss of most of the flap (Fig. 11). To leave the flap 
attached for a longer period will not improve the blood supply and will invite a stiff finger 
(Fig. 12). 

COMMENT 

The title “ thenar ”’ flap was deliberately used to stress the most suitable donor site, and 
its use in correctly selected cases will produce a better functioning finger in one month than 
can be achieved in a longer time by any other method. Badly done, the operation can cripple 
a hand. 


The photographs are largely the work of Mr R. F. Ruddick, A.I.B.P., A.R.P.S., and Miss P. Burgess, A.R.P.S., 
of the London Hospital Photographic Section, and I am indebted to them for their valuable assistance. 
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SOME OBSERVATIONS ON CONGENITAL DISLOCATION OF 
THE HEAD OF THE RADIUS 


D. E. CARAVIAS, SHEFFIELD, ENGLAND 
From the Orthopaedic Department of the City General Hospital, Sheffield 


During a study of the late results of fractures of the neck and head of the radius in 
children reduced by conservative or open reduction, my attention was attracted to a patient 
whose radiographs reminded me of the two cases of congenital dislocation of the head of 
the radius that I have seen. 

The purpose of this paper is to suggest certain conclusions that might be drawn from a 
comparison of this case of traumatic dislocation with the two of congenital dislocation of 
the head of the radius. 

CASE REPORTS 

Case 1—A boy aged fourteen years attended the hospital after sustaining an injury to his 
left elbow in a fall. Radiographs showed a posterior dislocation of the left elbow, with a 
fracture of the neck of the radius. The proximal fragment was tilted forwards and laterally. 
The proximal epiphysis of the radius was not yet fused to the shaft, as it should be at this 
age, and it looked undamaged (Fig. 1). The dislocation of the elbow was reduced and a 
manipulative reduction of the fracture of the neck of the radius was attempted. Although 
the reduction was not complete it was considered adequate. A collar and cuff was applied 
for about seven weeks. When it was removed the range of elbow movement was from 
165 degrees to 75 degrees; pronation and supination were limited by two-thirds. Apart from 
active movements and normal use no further treatment was considered necessary. Two years 
later the range of movement was from 175 degrees to 70 degrees; supination was about half 
the normal and pronation was limited by a third. 

When he was seen four years after the injury for the purpose of this review movements 
were as follows: extension full, flexion to 60 degrees, supination absent and pronation limited 
by a third. Ability to lift weights and to screw and unscrew was diminished. The head 
of the radius could be felt in the lateral part of the cubital fossa, and during pronation it 
seemed to rotate in a small arc around the ulna. Radiographs four years after the injury 
showed the head of the radius to be deformed and dislocated forwards and laterally (Fig. 2). 
The part between the head and the bicipital tuberosity of the radius was elongated. The head 
of the radius was not articulating with the humerus, and it was dome shaped rather than 
concave on its upper surface. The capitulum, which was normally developed at the time of 
the injury (Fig. 1), was now deformed. A backward spur from the radial shaft, at the level 
of the bicipital tuberosity, looked like the postero-medial margin of the fracture surface of 
the distal fragment of the radius. In the place of the proximal radio-ulnar joint there was a gap. 
Case 2—A woman aged thirty-six years attended because she had sustained an injury to he 
right elbow ten days previously. She stated that she had injured the same elbow at the age 
of five. On examination the head of the radius could be felt in an abnormal position and i! 
constituted the most lateral point of the elbow. It was slipping over the outer edge of the 
humerus, as the elbow was flexed. Extension and flexion of the elbow were full. Pronatior 
was full but supination was limited by a third. Radiographs showed a picture ofter 
described as characteristic of congenital dislocation of the head of the radius (Fig. 3) 
The head of the radius was dome shaped and dislocated backwards and laterally. The ulna 
was thicker than normal in its uppermost third and bowed backwards and to the radial 
side. Instead of the anterior curve of the posterior outline of the ulna in its uppermost 
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Fic. | 
Radiographs of left elbow at the time of the injury. 





Fic. 2 
‘Radiographs of the same elbow four years later. 
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third, as described by McFarland (1936), there was an exaggeration of the normal 
posterior curve. In place of the backward sweep from the coronoid process there was a 
smooth curved line. The capitulum was deformed, having an oblique shallow depression 















Fic. 3 
Case 2—Radiographs of right elbow showing changes characteristic of congenital 
dislocation of the head of the radius. 





Fic. 4 
Case 3—Radiographs of right elbow showing congenital dislocation of the head of the radius. 


on its outer aspect, with which the deformed radial head appeared to articulate. Since the 
patient had no disability apart from slight limitation of supination, no treatment was indicated. 
Case 3—A girl of eighteen attended complaining of pain in her right elbow after a fall. She 
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said she had never been able to supinate the right forearm, nor had she been able to straighten 
the elbow completely. Her father stated that since her birth, which was a normal one, there 
had been an extra lump of bone on the outer side of the elbow, and that when she was two 
weeks old she had been sent for physiotherapy because there was not much use in the right 
arm. Clinically the head of the right radius was dislocated laterally. Extension was to 140 
degrees. Flexion and pronation were full. Supination was absent. The hand and the arm 
appeared to have developed normally and there was no sign of Erb’s palsy. 

Radiographic examination showed that the upper ends of the radius and ulna were at 
the same level (Fig. 4). The head of the radius was dislocated laterally. It was dome shaped 
on its upper surface—presumably through lack of contact with the humerus—but otherwise 
it maintained its general structure in diminished form. The neck of the radius was present 
and at its medial surface there was a groove opposite the lateral epicondyle. The neck was 
not markedly angulated in relation to the radial shaft but maintained its normal angle. The 
upper half of the radial shaft was thinner than normal. The ulna had also been affected by 
the dislocation. It was thicker than normal at its upper end and bowed to the lateral side. 
The capitulum was ill-formed. There was no sign of a depression where the displaced head 
of the radius lay against the outer aspect of the humerus. There was no place in the lower end 
of the humerus which could bear an articular facet for articulation with the head of the radius. 
The widest gap between the radius and ulna was at the 
level of the superior radio-ulnar joint. 

In order to increase the range of muvement, the 
head of the radius, with the greater part of the neck, 
was excised (Fig. 5). The head was infantile and 
convex in its upper surface, with a little dimple in the 
centre uncovered by articular cartilage, whereas the 
rest of the head was covered by cartilage. The neck 
was represented by a circular, rather shallow groove. 
When the head was removed it was seen that it was 
lying in a false articular cavity formed by synovial 
membrane reinforced by thick fibrous tissue. The 
attachment of the synovial membrane was almost at a 
normal level around the neck. 

After the operation the range of movement in 
the elbow was improved but the patient has not been 
able to attend for late follow-up examination. 





DISCUSSION 
Congenital dislocation of the head of the radius ©... 3__The excised head of —— 
with no other congenital abnormality in the elbow is _ photograph shows the superior surface and 
rare. I have found only twenty-five cases recorded in '® en ee of the head and 
the literature. 

White (1943) mentioned twenty-one cases, of which eleven had been described by 
McFarland (1936), and added one more. Bindman (1945) reported a case of congenital 
recurrent dislocation of the radial head, and Magee (1947) described a case of a bilateral 
congenital dislocation. Osmond-Clarke (1948) considered it due to hypoplasia of the 
capitulum. Watson-Jones (1955) showed radiographs of one case. 

In only two cases of the twenty-five was the dislocation recurrent and completely 
reducible. The dislocation was always anterior in these cases, but according to Osmond-Clarke 
the radial head is dislocated backwards more often than forwards. In the second of the cases 
reported here the head of the radius was dislocated backwards and laterally and in the third 
case laterally. 


Fic. 5 
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In none of the reported cases was the condition noticed at or soon after birth. The third 
case reported here had a definite deformity at birth and this is in favour of a congenital 
origin of the dislocation. The fact that the dislocation was anterior in ali the cases reported 
in the literature may possibly be explained by the fact that an anterior dislocation is often 
found in a Monteggia type of injury—that is in forced pronation. 

The direction of bowing of the ulna depends upon the type of dislocation of the radial 
head. If an abnormal position is taken up by one of the bones of the forearm the other grows 
bent. In unreduced congenital or traumatic anterior dislocation of the radial head the ulna 
will bend forwards, in posterior dislocation of the head the ulna will bend backwards (Fig. 3), 
and in lateral dislocation the ulna will bend laterally (Fig. 4). 

The anterior convexity of the ulna, described by McFarland (1936), is the type of deformity 
that one would expect to find in association with an unreduced traumatic anterior dislocation 
as well as with a congenital anterior dislocation of the head of the radius. In the second and 
third cases described here this anterior curve was not found because neither of these was an 
anterior dislocation. This anterior convexity must not be considered a pathognomonic sign 
of congenital dislocation of the head of the radius. 

Ossification in the tissues about the radial head, referred to by some authors, is also 
found in unreduced traumatic dislocations of the radial head. 

White (1943) suggested that some of the cases reported as anterior congenital dislocations 
of the radial head were traumatic in origin. In distinguishing between a congenital and a 
traumatic dislocation one of the most reliable signs is the condition of the capitulum: if this 
is grossly underdeveloped a congenital dislocation is suggested. 

On this basis, taken in conjunction with the history of injury to the elbow at the age of 
five, it seems likely that the dislocation described in Case 2 was a post-traumatic rather than 
a congenital dislocation. 

It is known that in congenital dislocation of the hip there is a failure of growth of the 
acetabulum. The head of the femur therefore grows abnormally, with abnormal curves in 
the neck, because it has not borne the normal stresses. Likewise in congenital dislocation 
of the head of the radius the primary defect may well be a failure of growth of the capitulum, 
and the altered shape of the head of the radius is a secondary deformity. 


SUMMARY 


1. Radiological criteria in the diagnosis of congenital dislocation of the head of the radius 
are suggested. 


2. Some of the radiographic features described as characteristic of congenital dislocation 
of the head of the radius may be found also in post-traumatic dislocation of the radial head. 


I am greatly indebted to Mr S. Pappworth for permission to publish these cases and for advice in the 
preparation of this paper. 
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TUBERCULOUS TENOSYNOVITIS 


L. H. Pimm and W. WauGH, OxFoRD, ENGLAND 
From the Nuffield Orthopaedic Centre, Oxford 


Tuberculous tenosynovitis is a less common, but a far more disabling and recurrent, 
infection than is generally appreciated. The natural history of the lesion in its various sites 
has been studied, particularly in relation to the results of treatment. It is thereby hoped to 
determine a more satisfactory basis for the management of future cases now that streptomycin 
and the other anti-tuberculous drugs are freely available. 


HISTORICAL REVIEW 

Ganglia containing loose bodies were described in the eighteenth century and it is likely 
that at least some of the records represented cases of tuberculous tenosynovitis. The earliest 
account was that of Silvert (1717) from Paris, and in this country Warner (1754) and Monro 
(1788) recorded operations for the condition. 

Excellent clinical descriptions of what we now call a compound palmar ganglion were 
given by Cruveilhier (1816), Brodie (1818) and Syme (1837). The term is of English origin 
and appeared when Erichsen (1853) differentiated simple from compound ganglia. It was not 
in universal use when in 1871 the British Medical Journal published a symposium on the 
treatment of ganglion (Adams 1871, Heath 1871, Shillitoe 1871). In France Chassaignac 
(1846) introduced the term “ hygroma bisaculaire.”” 

The nature of the “ rice’ bodies in these swellings was for many years a matter for 
debate (Pimm 1955). Dupuytren (1839) was convinced that they were living hydatid bodies, 
but Hyrtl (1842) showed that they were detached papillary outgrowths from the wall of 
the sac. Michon (1851) considerably clarified the pathology, but it was Hoeftmann (1876) 
who finally demonstrated histologically the tuberculous nature of the swellings, and subsequently 
Garré (1891) and Goldmann (1896) implanted the rice bodies intraperitoneally into guinea-pigs, 
thereby producing tuberculosis. 


TABLE I 


SITE OF LESION 





| Ulnar and radial bursa (compound palmar ganglion) 31 
| Common extensor sheath at wrist . : ‘ . 10 | 
Isolated lesions of flexor sheaths in fingers. , 8 | 
Dorsiflexor sheath at ankle. ; d , ‘ 2 | 
Posterior tibial sheath . nis 

| Total 52 | 





By the beginning of this century tuberculous tenosynovitis was est»blished as a clinical 
and pathological entity, and many isolated case reports were published, but it was not until 
the papers by Kanavel (1923), Mason (1934), Adams, Jones and Marble (1940) and Bunnell 
(1944) that any number of cases were reviewed systematically. 
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CLINICAL MATERIAL 





Forty-four patients with tuberculous tenosynovitis have been studied. Four of these 
patients have died (three from pulmonary tuberculosis and one from paralysis agitans). Five 
have not been traced. Of the remainder, the authors have seen thirty and followed up the 
other five by letter. 

In the forty-four patients there were fifty-two tendon sheath lesions which are grouped 
together in their anatomical sites for convenience of presentation (Table 1). 

Complete proof that a synovial lesion is tuberculous rests in the identification of the 
organism by culture or guinea-pig inoculation from material removed at operation or from 
a discharging sinus. Two further findings provide strong presumptive evidence. First, 
microscopy may show morphological appearances typical of tuberculosis. Second, other 
tuberculous lesions may be present. Diagnosis was supported by one or both of these criteria 
in all patients whose records fail to give bacteriological proof. 


ULNAR AND RADIAL BURSAE 
(Compound palmar ganglion) 

Compound palmar ganglion describes a swelling in the hand and wrist which may or 
may not be of tuberculous origin. It is a well established term and is used in preference to 
tuberculous tenosynovitis of the ulnar and radial bursae. Twenty-nine patients with this 
condition have been reviewed. 


TABLE Il 


AGE AT ONSET IN TWENTY-NINE PATIENTS 
WITH COMPOUND PALMAR GANGLION 














Age (years) Number of cases 
aS a a 
21-40 6 
41-60 14 
Over 60 2 
TABLE Ill 


SHEATH AFFECTED IN THIRTY-ONE CASES OF 
COMPOUND PALMAR GANGLION 








Sheath affected Number of cases 
Ulnar bursa alone . 20 (18 patients) 
Radial bursa alone ; 0 


Ulnar and radial bursae_ 11 (11 patients) 











Age—The age at onset of symptoms is shown in Table II. The youngest patient was eight 
years and the oldest 73 years. 

Sex—There were eighteen males and eleven females. 

Occupation—No significant relationship was established between occupation and the disease, 
but it is interesting that three patients were butchers and two farmers. The rare possibility 
of direct infection is referred to later. 
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Side—In seventeen patients the right hand was involved and in ten the left. In two patients 
both hands were affected. Thus the series comprises thirty-one ganglia in twenty-nine patients. 
Tendon sheaths involved—This is shown in Table III. 

When both radial and ulnar bursae were involved, the infection may have appeared 

simultaneously in both, but on three occasions the radial bursa was affected later than the 
ulnar and on three occasions it was affected earlier. There was an associated infection of 
the flexor sheath of the middle finger in two patients (these are considered in a later section). 
In one patient who had compound palmar ganglia in both hands both the extensor tendon 
sheaths were also affected. 
Pathology—The wall of the tendon sheath may be thin and almost translucent or thick and 
fibrotic. The lining membrane is replaced by tuberculous granulation tissue. The swelling 
may contain serous fluid, masses of fibrinous material, melon-seed bodies or caseous material. 
Melon-seed bodies were present in sixteen out of the thirty lesions examined at operation. 

The visceral, as well as the parietal, layer of the sheath is affected so that the tendon 
itself becomes involved, granulation tissues spreading longitudinally among the fibres, which 
become separated into bundles. The tendon may finally consist of a few strands of tissue 
which rupture spontaneously. In this series one or more tendons have been completely 
destroyed in at least ten patients. The little finger tendons are most commonly affected; 
sublimis may rupture alone or more rarely sublimis and profundus together. Flexor pollicis 
longus has been found disintegrated twice. 

Clinical features—Swelling is an invariable feature (Fig. 1) but it may be preceded for a 
considerable time by an aching feeling or stiffness in the fingers. In only one patient were the 
symptoms or signs in any way acute (Fig. 2). Pain is usually present but is seldom severe. 
Paraesthesiae were present in one case. 

Associated tuberculous lesions—Fifteen patients had other tuberculous lesions in addition to 
the tendon sheath infection. Of these six developed tuberculosis of the wrist joint. On each 
occasion the ganglion was noted before there were radiological signs of joint involvement. 
The diagnosis was made twice before operation. One further patient had a localised bone 
lesion in the ulnar styloid process which was excised. Involvement of the joint is a serious 
complication. In four cases it has followed operation on the tendon sheaths, but the interval 
was usually more than a year, which suggests that the wrist infection was not the immediate 
result of surgery. 

Results of treatment—The general policy has been to excise the involved tendon sheaths as 
completely as possible and then to immobilise the wrist, but not the fingers, in a plaster for 
about three months. Most patients were treated before anti-tuberculous drugs were available. 

Immobilisation alone was tried in a number of cases before operation was advised. Six 
had splinting for between three months and a year; in no case did the swelling disappear 
completely. Simple incision was equally unsuccessful in five patients, all of whom finally 
had radical operations. 

Twenty-eight patients (with thirty ganglia) of the twenty-nine reviewed were operated upon. 
The single exception was a man with multiple tuberculous lesions of a senile type. Two patients 
died of generalised tuberculosis six months and one year after operation; one has not been 
traced. Of the remaining twenty-five patients, ten had no recurrence of the swelling after a 
single adequate operation (the five patients who initially had an incision only are included). 
The length of follow-up in each case was nineteen, fifteen, thirteen, nine, eight, eight, eight, 
seven, three and two years. The remaining fifteen patients had recurrences, which were usually 
noted within a year of the previous operation. Two patients developed sinuses: one cleared 
up rapidly after immobilisation and she remains free of recurrence five years later. The sinus 
in the other patient is associated with tuberculosis of the wrist joint and is siill under treatment. 

The recurrent, like the primary, lesion was unaffected by conservative treatment and 
eleven out of the fifteen patients had further surgery. Of these, six needed three or more 
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Fic. 1 
Compound palmar ganglia of both hands in a woman aged twenty-eight years. The swelling in palm and 
forearm and the flexed position of the fingers are well shown. 





Fic. 2 
In this patient, a butcher aged forty-two, there was a relatively acute swelling of the left thumb, which was 
red and inflamed but not painful. At operation the radial and ulnar bursae were found involved. He had 
three further operations for recurrences (see Fig. 4). 
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Fic. 3 
Function six years after excision of a compound palmar ganglion in a man aged fifty-four years. There is 
slight limitation of flexion and extension of the little finger. This is a typical result after operation. 





Fic. 4 
Function in the patient shown in Figure 2 after four operations for recurrent compound palmar 
ganglion. This shows limitation of flexion of the fingers and is typical of the three patients classified 
as having bad results. 
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operations. None had any recurrence when reviewed, the follow-up being thirteen, thirteen, 
ten, seven, six and five years; but in four cases too short a time had passed for final assessment. 
Amputation through the forearm was done in one patient in whom two operations on the 
tendon sheaths were followed by involvement of the wrist, with sinus formation and stiffness 
of the fingers. 

Although recurrence is common after operation there is no way of assessing the likelihood 
of recurrence in any particular patient. Age, sex and occupation, length of history and the 
pathological features cannot be related to the recurrence rate. The presence of other tubercuious 
lesions is apparently without relevance. It is, however, of interest that the three patients who 
each had four operations had no evidence of any other tuberculous infection. 

Apart from the freedom from recurrence, the function of the hand is of great importance 
in assessing the results. Function is good in most patients when there has been no recurrence. 
A number have a virtually normal hand (Fig. 3) but a common minor disability is slight 
limitation of extension of the metacarpo-phalangeal and interphalangeal joints. A few patients 
are not quite able to get their finger tips (especially the little finger) right into the palm in 
making a fist. In the more serious cases flexor tendons have ruptured spontaneously or been 
sacrificed at operation. This usually affects the little finger or the thumb. In only three 
patients (all of whom had several operations) had stiffness and loss of power been of such a 
degree that the result is classified as bad, but even they are able to use their hands at work 
(Fig. 4). 

THE FLEXOR TENDON SHEATHS OF THE FINGERS 

Tuberculosis may involve the flexor tendon sheaths of the index, middle and ring fingers, 
but it is uncommon. There were only seven examples in this series. 

Since the sheath of the little finger is in communication with the ulnar bursa in at least 
50 per cent of subjects (Kanavel 1939) this finger is excluded. In two patients infection of 
the middle finger sheath was later associated with compound palmar ganglion, and although 
a communication may exist between these two tendon sheaths it is of such rarity (Kanavel 
1939) that these finger sheaths have been considered separately and included in this section. 
Age—The ages of the patients at the time of onset were twenty, twenty-eight, thirty-one, 
thirty-one, forty, forty-four, fifty-one. 

Sex—Six patients were male and one female. 

Occupation—The patients’ occupations varied widely and only in one case seemed to be of 
any significance. A milkman pricked his finger and bathed it in milk, after which tuberculous 
tenosynovitis developed. Girdlestone (1940) quoted the instance of the infection of his own 
middle finger flexor sheath during an operation on a tuberculous lesion. 

Site—Only one patient had more than one finger involved: so eight fingers were involved 
in seven patients, as follows: index finger four (left two, right two); middle finger four (left one, 
right three). 

Associated lesions—Four patients suffered from active pulmonary tuberculosis and two in 
addition had a compound palmar ganglion. No association with tuberculous dactylitis was 
found. 

Clinical features—Tuberculous infection of the flexor tendon sheaths in the finger is 
accompanied by swelling, with little or no pain, and function is often surprisingly good. 
The onset is slow, and the length of history before operation varied from one to six years. 
Results of treatment—There was no recurrence in five patients after excision of the affected 
sheath. ‘The flexor tendons were infiltrated with tuberculous granulation tissue on two 
occasions: once sublimis had to be sacrificed. Slight impairment of flexion movement and 
power is usual, but all the patients have been able to resume their original occupations. In 
one case the affected finger was amputated. 

There were two exceptions to radical excision. One patient, a man of thirty with active 
pulmonary tuberculosis, had a biopsy of the tendon sheath. Despite two three-months courses 


THE JOURNAL OF BONE AND JOINT SURGERY 
















een, 
ent. 

the 
1eSS 


ood 

the 
ous 
vho 


nce 
nce. 
ight 
>nts 
1 in 
een 
iree 


ork 


- of 
ous 
ywn 


ved 


yne, 


) in 
was 


od. 


ted 
‘wo 
ind 

In 


‘ive 
‘SeS 


ERY 











TUBERCULOUS TENOSYNOVITIS 97 


of antibiotics this patient has, six years after the onset, a swollen finger with fine crepitation 
within the flexor tendon sheath. The other patient, aged forty, also had an active pulmonary 
lesion; eight years later there is almost full function and no recurrence. 


THE EXTENSOR TENDON SHEATHS OF THE HAND 


There were ten lesions of the common extensor sheath in eight patients. Five affected 
the right hand alone; the only left-handed patient was affected on the left side; and in two 
patients both hands were affected. In one of the bilateral cases both compound palmar 
ganglia and both wrist joints were also infected. Lesions of other sheaths on the dorsum 
have been reported but none occurred in this series. 





Fic. 5 


Photograph taken at operation showing extent of 
the swelling of the common extensor sheath and the 
“* waist ”? produced by the retinaculum. 





Age—The ages of the patients at the time of onset were twenty, twenty-six, twenty-eight, 
twenty-eight, thirty, forty-one, fifty-four, seventy-three. 

Sex—There were six males and two females. 

Occupation—The occupation of these patients varied and was of no apparent significance. 
Associated tuberculous lesions—Other tuberculous foci were demonstrated in seven of the 
eight patients. In no case was the wrist joint involved. 

Clinical features—The swelling on the dorsum of the wrist and hand corresponds to the 
common extensor sheath and has a waist at the level of the extensor retinaculum (Fig. 5). 
Sometimes fine crepitus may be elicited. There is usually no pain. 

Results of treatment—The results of radical excision have been good: three of the patients 
seen have had no recurrence after eleven, sixteen and seventeen years and a fourth had had 
twenty-seven years without recurrence at the time of his death from pulmonary tuberculosis. 
The other four patients have all had a radical excision within the last four years, three of them 
under cover of streptomycin therapy, without recurrence. One patient with involvement of 


VOL. 39 B, No. 1, FEBRUARY 1957 
G 




















98 L. H. PIMM AND W. WAUGH 


both common extensor sheaths had a recurrence on the left side within a year of the first 
operation and recurrence on both sides six years later, but now after seventeen years has an 
excellent result (Fig. 6). She was the one patient in this group in whom another tuberculous 
lesion was never demonstrated. In four instances tuberculous granulation tissue infiltrated 
the tendons but in only one patient was there a complete rupture, affecting the extensor 
communis tendon to the middle finger. One patient developed tuberculous abscesses in 
the axillary and epitrochlear lymph nodes. 





Fic. 6 


Functional result seventeen years after excision of tuberculous sheath 
on the dorsum of both wrists. 

The functional results in this group have been good with one exception, in a patient 
who was also suffering from bilateral compound palmar ganglia and tuberculous wrist joints. 
Bow-stringing of the common extensor tendons across the back of the wrist occurred in 
several patients but did not affect function. 


THE TENDON SHEATHS ABOUT THE ANKLE 
Tuberculosis only very rarely involves the peroneal, anterior or posterior tibial tendon 
sheaths, and the literature on the subject is confined to a few isolated reports such as those 
of Beach (1889) and Miller (1912). The three cases in this series are recorded briefly. 
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Case 1—Man aged twenty-eight at onset. Nine months’ history of pain and swelling of the sheath 
of the tibialis posterior with crepitus. The sheath was excised and there was histological evidence 
of tuberculosis. Nineteen years after this operation the patient remains free of recurrence and has 
no disability. 


Case 2—Boy aged four at onset. Painful swelling on the dorsum of the left foot of one week’s duration. 
4 large mass of tissue around the dorsiflexor tendons was excised and this, on histological section, 
was shown to be tuberculous. Thirteen years later he is now a farm worker with no disability. 

This boy, the youngest in our series, is also we believe the youngest patient with tuberculous 
enosynovitis reported; Evans (1892) recorded a case in a patient aged seven, Beger (1885) a child of 
right and Curtis (1898) one of ten. 


Case 3—Man aged forty-four at onset. Large swelling in front of the ankle present for six weeks. The 
swelling was excised. Bacteriological and histological evidence of tuberculosis was obtained. 
Streptomycin and sodium aminosalicylate were given and eighteen months later the patient is at 
work and has no disability. 


DISCUSSION 


Tuberculous compound palmar ganglion presents a most difficult problem because there 
have been recurrences after the primary operation in just over half the patients. The value 
of different methods of treatment is not easy to assess because the condition is rather uncommon. 
it seems to be relatively benign, and life is not endangered unless there are other active 
tuberculous lesions. The swelling may be present for years without causing pain or seriously 
interfering with function. On the other hand, a sinus may develop or tendons may rupture 
spontaneously. These latter considerations demand treatment as early as possible in the 
disease. 

It might be hoped that the use of anti-tuberculous drugs together with immobilisation 
would eliminate surgery (Miller, Lipin and Ginsberg 1950). But this seems unlikely because 
the avascularity of the lesion (together with the masses of granulation tissue, fibrinous material 
or melon-seed bodies which have to be absorbed) suggest that resolution, if it will ever occur, 
will take a long time and may be accompanied by excessive fibrosis. A more attractive 
possibility is the combination of limited surgery with chemotherapy and immobilisation 
(Wiles 1955, Malkin and Jackson 1955). Since aspiration is usually technically impossible, 
it will be necessary to make one or more small incisions to evacuate the contents of the sheath. 
This also has an advantage over more conservative methods in that it allows tissues to be 
taken for histological and bacteriological examination. 

Although recurrence is frequent after seemingly adequate operations on tuberculous 
compound palmar ganglia, the results in the other sites are good, even without chemotherapy. 
There may be several reasons for this, but the most likely is anatomical. Complete, or nearly 
complete, excision is much easier to achieve in the extensor, finger flexor or ankle sheaths. 
The ramification of the visceral layer of the sheath about the flexor tendons in the palm and 
forearm, and the proximity of major nerves and vessels, make dissection difficult and tedious; 
consequently more infected tissue may be left behind than when one is dealing with the readily 
iccessible sites. 

The functional results after extensive dissection in the palm and wide removal of infected 
endon sheath are good. Recurrence or the extent of the original disease, rather than the 
surgery itself, is the cause of residual disability. 

In some text-books (Romanis and Mitchiner 1952, Handfield-Jones and Porritt 1951) a 
veriod of three months’ immobilisation together with a course of chemotherapy is advised 
before operating. Similarly, Adams, Jones and Marble (1940) suggested that surgery should 
be delayed until the disease becomes quiescent. This contention is difficult to justify because 
the administration of the anti-tuberculous drugs eliminates the potential dangers of operating 
in the florid stage. Furthermore, the extent of the tendon invasion is directly related to the 
time which the lesion has been present; so delay may be positively harmful. In patients with 
no associated lesions, the diagnosis will remain in doubt until excised tissue is examined 
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microscopically and cultured for tubercle bacilli. Treatment in these cases should be planned 
as though the condition were tuberculous until the laboratory investigations have provided 
definite information. If there is no evidence of a rheumatoid or villo-nodular synovitis. 
tuberculosis remains the most likely cause of a compound palmar ganglion. 

A course of streptomycin, sodium amino-salicylate and iso-nicotinic acid hydrazide should 
be begun a week before operation and continued after operation for at least three months 
In dealing with compound palmar ganglia a long incision in skin creases, extending on tc 
the little finger if necessary, is made. Once the median and ulnar nerves have been identified 
the sheath is opened and its contents evacuated. The wall is excised and then the tendons 
which may be more extensively involved than can be suspected clinically, are cleared of 
granulation tissue. If a sublimis tendon is extensively involved it should be excised. Every 
care must be taken to preserve the profundus tendons, but if any are completely disintegrated 
they must be sacrificed. Free tendon grafting may be feasible at a later stage (Mason 1934. 
Barron 1948). After operation the wrist is supported by a light plaster splint: early finge: 
movements are encouraged. 

A similar procedure is recommended for tuberculous tenosynovitis in other sites, various 
modifications being necessary to deal with individual circumstances. 

All patients must be followed up carefully. They should be seen every three months 
during the first year and then every six months for five years or more. Recurrence should 
be dealt with in a similar way to the primary lesion, excision being recommended without 
delay in an attempt to preserve the tendons from progressive disintegration. 


SUMMARY 
1. Forty-four patients with tuberculous tenosynovitis have been reviewed. 
2. The lesions (fifty-two in all) are classified and described according to their anatomical sites. 
3. Particular reference is made to the natural history of the condition and the results of 
treatment. 
4. Early and extensive excision of the affected tendon sheaths combined with the use of 
anti-tuberculous drugs is recommended. 


We wish to thank all the members of the Nuffield Orthopaedic Centre for permission to review their cases 
Mr G. Platt of Aylesbury has kindly allowed us to include two of his patients. We are particularly grateful 
to Professor J. Trueta for his continued help and encouragement. 
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A SWEAT GLAND TUMOUR OF THE HAND 
C. M. C. POTTER, WOLVERHAMPTON, ENGLAND 


It is now recognised that the commonly occurring tumours of the salivary glands, which 
used to be designated mixed tumours because they appeared to consist of elements derived 
from both ectoderm and mesoderm, are entirely of epithelial origin, and the difficulty of 
explaining the presence of cartilage has disappeared with the realisation that this tissue is 
not cartilage but epithelial cells in a lake of epithelial secretion. From time to time tumours 
of ** mixed salivary gland type’ were described, arising in sites remote from the salivary 
gland area, and these were considered to have arisen in heterotopic salivary gland tissue. 
Their histological structure closely resembled that of the salivary glands, including the 





Fic. 1 
The tumour before operation. 


ey 


presence of the “ cartilage-like *’ masses. This second puzzle has also been resolved, and 
the necessity to postulate cell rests removed, by the demonstration that these tumours 
have arisen in the sweat glands. Developmentally, the salivary, sweat and mammary glands 
have the same origin; and, in tumours arising from these various organs, striking similarities 
in the histology are seen. They all exhibit marked pleomorphism, and in all of them the 
myo-epithelial cell plays a significant part. In some of these tumours this type of cell may 
predominate. 

The myo-epithelial cell is contractile, and numbers of them form the outer of two layers 
of cells forming the sweat gland. The other layer is composed of secretory cells. They have 
been identified in the breast 2s well as in the salivary and sweat glands. 

Sheldon (1941) reviewed ten cases of sweat gland tumour, in three of which the myo- 
epithelial element was predominant, and two of these three showed some malignant change 
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Simard (1938) described a tumour, the size of a pigeon’s egg, removed from the hypothenar 
eminence. This case was included in a review of ten cases published by Highman (1944), 
who added a case of his own in which the tumour had grown on the hand, and in which the 
myo-epithelial cells were prominent. Hartz (1946) described a tumour removed from the 
back, and this tumour too contained a large proportion of myo-epithelial cells. 

Nangle and Symmers (1950) reported a tumour which grew on the lateral side of the foot 
of an eighty-year-old woman. It had a slim pedicle, and by means of this it was swung out 
of the way in order to put on the shoe. This amicable arrangement had existed for forty 
years. The chief cell element present in the sections was the myo-epithelial cell. The authors 
of this article stated that the condition was more common than the published cases would 
suggest, and I therefore think it worth while to publish the following case. 





Fic. 2 
Photomicrograph showing the pleomorphic structure of the tumour with the myo-epithelial cells clearly seen. 


CASE REPORT 


The patient was a man aged fifty-eight years. He worked at a steel works handling 
billets of steel with tongs, and said he had no difficulty in doing this work. He had a large 
tumour in the palm of his left hand which had been present for fifteen years, but which had 
not changed in size for many years. He thought it might have been caused by the constant 
trauma of the tongs he used for his work, but could not recall any actual injury. 

On examination, there was seen a tumour arising from the palm and comfortably 
occupying the grip. The skin was stretched tightly over it, and the rugae were much enlarged. 
It could be seen and felt to be faintly lobulated, and was firm (Fig. 1). There was no tenderness 
and it never gave any pain. The tumour had no pedicle and arose from a fairly broad base, just 
proximal to the web between index and middle fingers. It was firmly attached and immobile. 

The tumour was easily removed at operation and was completely encapsulated, with 
large veins running in the capsule. The wound healed primarily. 
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Fic. 3 
A preponderance of myo-epithelial cells at the edge of one of the cell masses. 


Fic. 4 
A “ cartilage-like ”’ area. 
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Pathology—The specimen measured 6-5 x 6 5 centimetres and was partly covered by a cap 
of skin stretched over the swelling. The under-surface of the swelling was coarsely nodular, 
but it appeared to be contained within a capsule. The surface showed a yellow-white, mottled, 
slightly shiny tissue. 

Histological examination (Professor R. A. Willis) showed that the mass was undoubtedly a 
sweat gland tumour of pleomorphic type which has often been likened to the so-called “‘mixed”’ 
tumours of the salivary glands (Figs. 2 to 4). The peculiar appearance of some of the larger 
clumps was ascribed to predominant myo-epithelial proliferation. The “ cartilage-like ~ 
areas were, like those of the salivary tumours, due to detachment of epithelial cells embedded 
in a lake of secretion. Judging from the long history, as well as from the uniform appearance 
of the tumour in most areas, it seemed certain that it was benign. 

Comment—The situation of the tumour and the work done by the patient suggests the 
possibility that the constant slight trauma might have had some relation to the origin of the 
growth. In this connection it is of interest to note that Highman (1944) quoted a case reported 
by Kreibig (1931) in which a tumour the size of an egg had arisen at the site of a severe 
stone bruise on the tibia, and another case of Hirsch (1933) in which a tumour arose on the 
thigh at the site of repeated trauma. In his own case there was microscopic evidence of old 
haemorrhage. The tumour described here is unusual in its very large size and in its situation, 
and it is astonishing that a man could handle large steel billets with one hand full of a swelling 
the size of an orange. 

The structure of the growth was that of the group of so-called mixed salivary gland 
tumours with a preponderance of the myo-epithelial element, and can therefore be regarded 
as a myo-epithelioma. 

SUMMARY 
|. The clinical appearance and histological structure of a myo-epithelial tumour of a sweat 
zland of the hand is described. 
A review of previously published papers is given. 
It is suggested that trauma may play a part in the causation of these tumours. 
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| am indebted to Profess or R. A. Willis and Dr A. G. Marshall for the histological report, and to Mr W. Paton 
for the photograph and microphotograph. 
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PERSISTENT FOETAL ALIGNMENT OF THE HIP 


E. W. SOMERVILLE, OXFORD, ENGLAND 





From the Nuffield Orthopaedic Centre, Oxford 


While there is little or no difficulty in assessing the deformity of a limb in length, it is 
difficult to estimate the degree of rotational deformity, even if it is known to be present, 
and it is common for gross deformity in this plane to go unrecognised. 

This paper deals with one aspect of rotation of the lower limb which, while it may produce 
deformity and disability, is sometimes not recognised, nor fully appreciated for what it is. 
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NORMAL. 


ANTEVERSION MOULDED 
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“ee FOETAL ALIGNMENT. 


| = SUBLUXATION. 
CAPSULE STRETCHED. 


.. ANT: DISLOCATION. 





“__. POST: DISLOCATION. 
Fic. 1 
Scale into which all hips must fall. In the top half the 
anteversion is moulded away progressively until a normal hip 
results. In the lower half the capsule is stretched and subluxation 
and dislocation result, anteversion being retained, and usually 
increased. This process in either direction may be arrested at 
any stage. 





THE DEFORMITY 


In a previous paper (Somerville 1953) it was suggested that ** typical * congenital dislocation 
of the hip is primarily no more than a minor abnormality, developing during the process of 
extension of the normal hip from the foetal position of flexion to the normal extended position, 
complicated by certain secondary changes. But congenital dislocation is only one end of a 
scale, of which the other end is normality (Fig. 1). All hips must fall somewhere into this 
scale, depending on the extent to which the capsule stretches, with consequent subluxation or 
dislocation, or the extent to which the anteversion is moulded away, leading to the development 
of a normal joint. We know that many hips that lie immediately below the centre of the scale 
will undergo osteoarthritic changes after having passed for normal for many years, and it 
may be that some lying at the centre or immediately above it will move down the scale, and 
suffer a similar fate. 

To appreciate the true nature of these events it is necessary to understand how the 
deformities are established from the beginning. 
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In a foetus at the thirtieth week, anteversion of the femoral neck is about 60 degrees. 
If the muscles are dissected from the hip of such a foetus, it can be demonstrated that in 
full flexion it is possible to rotate the femur laterally through nearly 90 degrees, but as the 


Fic. 2 
With the hip extended medial rotation through 90 degrees is possible. 


Fic. 3 Fic. 4 
Figure 3—With the hip extended there is no lateral rotation. Figure 4—With the hip flexed lateral rotation 
through 45 degrees is present. 


hip is extended the femur rotates medially until in full extension it lies in 20 degrees of medial 
rotation, and cannot be further laterally rotated. This is because the anterior capsule becomes 
taut when the hip is extended. An equal torsional strain must fall on the femoral neck, which, 
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up to the age of about five years, is in part cartilaginous, and as it is growing rapidly is readily 
malleable. This strain gradually moulds away the anteversion until it is reduced to 5 or 10 
degrees. This results in the normal hip at the top of the scale (Fig. 1), in which, in childhood, 
medial and lateral rotation are approximately equal at 45 degrees, but in adult life, lateral 
rotation exceeds medial rotation. This estimate is taken from fifty children and fifty young 
adults with apparently normal feet and legs. 

If, instead of the anteversion being moulded away, the capsule stretches, some degree 
of subluxation or dislocation will result, as depicted in the lower half of the scale. On the 
other hand, the anteversion may be incompletely moulded away, or not moulded away at all, 
and it may be said that the foetal alignment of the upper end of the femur persists. In these 
circumstances, as the capsule is not stretched, the hip joint develops normally, but the apparent 
arc of rotation is abnormal when the hip is in extension, being like that in the foetus. 





Fic. 5 Fic. 6 Fic. 7 


Figure 5—Girl aged twenty-one years. Feet together, knees extended. Patellae are turned inwards. Figure 6 

Same girl as in Figure 5. Maximal lateral rotation at hips. Patellae point to the front, but the feet outwards at 

an angle of 120 degrees to each other. Figure 7—Same patient as in Figures 5 and 6. To achieve a happy 
medium between positions shown in Figures 5 and 6, the knees are flexed 10 degrees. 


Most young children intoe at some time, but the deformity can usually be ignored, as it 
becomes corrected without treatment. But in a few children it will be found that, when the 
hips are extended, there is no lateral rotation, but 90 degrees of medial rotation. Figures 2 
and 3 show such a child aged five years. No lateral rotation is possible with the hips extended, 
but with the hip flexed (Fig. 4) about 50 degrees of lateral rotation is possible. At first a 
child such as this will walk with the feet turned in, because lateral rotation is an essential 
part of the normal stride. This will cause a clumsy gait, which the child will not tolerate 
for long; he will soon turn the feet to the front, but being unable to do so at the hips, will 
acquire secondary changes below the knees in the form of lateral torsion of the tibiae and 
everted valgus feet, which often become rigid. This is an unsightly deformity and produces 
an ungainly gait. Figures 5, 6 and 7 show a girl of twenty-one years with such a deformity. 
With the feet together and the knees extended, the legs appear bowed, and the patellae face 
inward to some extent. With the patellae facing to the front the legs are much improved, 
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but the feet make an angle vith each other of 120 degrees. The only way in which a 
compromise could be reached was by standing with the knees flexed. 

Although this condition is not very common, if systematically looked for it will be found 
to be more common than one might expect. In my experience it is much more common in 
girls than in boys, just as is congenital dislocation of the hip. It has usually involved both 
hips, but sometimes one. It is not at all uncommon in the “ good” hip of a patient with 
unilateral congenital dislocation, and is commonly found in congenital dislocation treated 
by methods of medial rotation, in which a good reduction 
has been obtained. This suggests that the failure to develop 
lateral rotation was the cause of the “* good” result. 

Figure 8 shows an example of this, in which already 
on the affected side secondary changes are developing below 
the knee of lateral torsion of the tibia, and eversion of the 
foot. 

One unusual child has been found, who, at the age of 
three years, was first seen as an out-patient because of flat 
feet. The deformity was so severe that it was thought 
necessary to give her outside irons and inside T-straps. No 
record was made at the time about the state of the hips. 
On subsequent questioning the mother stated that the iron 
on the right was efficient in holding the foot inverted, but 
that the one on the left was never satisfactory. The child 
was lost sight of for three years, and when she was seen 
again it was found that while the left foot was relatively 
normal, the right foot was now markedly cavo-varus; so 
the iron was switched from the outer to the inner side for 
a year. In spite of this her gait was very bad, and she 
presented a most interesting picture. When walking, the 
right heel was inverted, and the forefoot adducted and 
supinated, so that she walked on the outer border. There 
was a 10 degrees fixed medial rotation deformity of the deiinisiiainiiiaieaicten Chiaiaial. 
femur, and 45 degrees of lateral torsion of the tibia. On the sal didiecetion of taht dp sommnetl 
left, absence of lateral rotation at the hip was the same, but _ by one year in Batchelor plasters. 


; age Classified as a good result, but 
the lateral torsion of the tibia was only about 20 degrees, has no lateral rotation at the hip, 





Fic. 8 


and the foot was more nearly normal. and is developing lateral torsion 
4 , , of the tibia and eversion of the 
It seems possible that the changes in the right leg can foot. 


be explained by absence of lateral torsion at the hip, combined 

with enforced inversion of the foot by the iron. Because of this, compensation by eversion of 
the foot was not possible, and all compensation had to take place in the tibia, which 
underwent 45 degrees of lateral torsion. 


RADIOLOGY 


Radiologically the hip is generally normally developed, but the neck of the femur is 
rather long and valgus, and the appearance suggests excessive anteversion (Fig. 9). In one 
child the neck of the femur was anteverted about 90 degrees (Fig. 10). 


TREATMENT 
Since the cause of this deformity is an absence of lateral rotation at the hip, the logical 
treatment is to perform a lateral rotation osteotomy of the femur, but, of course, only those 
with severe deformity need treatment. If more than 15 degrees of lateral rotation is possible 
the condition may be ignored. 
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Fic. 9 
The typical radiographic appearance of the hip in persistent foetal alignment. 





Fic. 10 
Radiographic appearance in a child aged five years. Since the patellae were pointing straight forwards 
the films show an advanced degree of anteversion of the femoral necks. 
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If treatment is carried out before secondary compensation is fully established below the 
knee this is all that is necessary, but if lateral torsion of the tibia has developed this must 
also be corrected by a medial rotation osteotomy. 
Lateral rotation osteotomy of the femur—This is carried out high in the shaft of the femur 
just below the lesser trochanter. Usually all that is required is to reduce the foetal anteversion 
of 60 degrees to about the normal; the lower fragment must therefore be rotated laterally 
through about 50 degrees. This is in contrast to congenital dislocation of the hip in which, 
after the stage of subluxation, the degree of anteversion has increased often to 90 degrees, 
and to obtain correction lateral rotation through 70 degrees or more is necessary—never less 
than 60 degrees. 

The patient lies supine on the table, preferably without a sandbag beneath the hip. The 
upper end of the shaft of the femur is exposed through a lateral incision. With the limb 





Fic. 11 
Hips illustrated in Figure 10, after corrective osteotomy. 


held in medial rotation, a pin is introduced just below the greater trochanter to pass through 
both cortices. When introducing pins in young children it is advisable to have a guard in 
the form of a metal tube over the pin to prevent it from being plunged too far through, a 
surprisingly easy thing to do if the bone is porotic. The top hole of a four-hole plate is then 
threaded on the pin, and the plate laid on the bone. A second pin is introduced at the necessary 
angle to the first, and level with the upper hole in the lower half of the plate, care being taken 
that each pin traverses the diameter of the bone. The plate is then removed, and the bone is 
sawn across accurately with a small hand saw. The lower fragment is rotated until the pins 
are parallel, when the plate is replaced, the pins being threaded through the appropriate 
holes. The two remaining holes are drilled and screwed, and the pins removed and replaced 
by screws. If the pins are of the right size no further drilling is necessary. 

It is wise to use a four-hole plate because a two-hole plate is unreliable in maintaining 
the rotation, and the use of no plate at all is quite unreliable. 
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It is necessary to estimate the degree of rotation accurately, and the use of two pins has 
proved satisfactory. The method of making a mark on the bone, and then estimating the 
degree of rotation is not recommended. In a small child the circumference of the femur may 
be only four centimetres or one centimetre to each quadrant, which in terms of rotation is 
about a millimetre to 10 degrees, and it is difficult to be accurate to a millimetre. 

After the operation the hip is immobilised in a plaster spica until union is sound. In a 
young child six weeks will suffice, but in an adolescent eight to twelve weeks are necessary. 
Rotation osteotomy of the tibia—In rotation osteotomy of the tibia also a four-hole plate is 
necessary, but here the problem is slightly different, because the surface to which the plate 
will be applied is flat. It is necessary to twist the plate through the necessary angle first, and 





Fic. 12 Fic. 13 
The girl shown in Figures 5 to 7, after The girl shown in Figure 8, after 
corrective osteotomy. corrective osteotomy. 


then screw it to the bone, after the bone has been accurately sawn across in the same way as 
for the femur. The fibula should also be divided. The leg is immobilised in a full length plaster 
for six to ten weeks. 

It has been found practical to perform these operations on two bones at the same time, 
but not on all four. 


RESULTS 


Eight patients have been operated on between the ages of five and twenty-one years. 
Before operation all the patients were kept under observation for some time—one for nearly 
six years—to be sure that correction was not occurring spontaneously. 

It is difficult to demonstrate the results of these procedures in a paper because the 
operations are designed to improve a defective gait rather than a deformity demonstrable 
radiologically. Nevertheless the clinical photographs give some idea of the improvement in 
appearance (Figs. 12 and 13). 
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When the operation is carried out in young children there is a rapid improvement in 
the gait, which returns to normal. In older children or young adults the appearance is 
improved, but it may take a long time and much effort to break the habit of walking in the 
old way, and to learn to walk normally. 


CONCLUSIONS 
1. The condition of persistent foetal alignment is discussed both as an entity and in its 
relationship to the development of a normal hip, and also to the varying degrees of congenital 
dislocation of the hip. A possible connection with osteoarthritis is also mentioned. 
2. The secondary deformities to which it may give rise are discussed, and the way in which 
both primary and secondary deformities may be corrected is described. 
3. The importance of estimating rotation with the hip in full extension is emphasised. 
4. The results in eight patients so treated are mentioned. 
I am indebted to Dr F. H. Kemp, radiologist to the Nuffield Orthopaedic Centre, for his help and advice in 
connection with this investigation, and to Miss Bird, of the Photographic Department, for the production of 
the illustrations. 
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BANKART’S OPERATION FOR RECURRENT DISLOCATION 
OF THE SHOULDER 


J. W. DicKson,* SHEFFIELD, ENGLAND, and M. B. Devas,* HASTINGS, ENGLAND 


From the Orthopaedic Department, The Middlesex Hospital, London 


The operation for recurrent dislocation of the shoulder which Bankart (1923, 1938) 
described is known and performed throughout the world. Yet he published no detailed 
review of his cases. He claimed that, properly performed, the operation prevented further 
dislocation and left the shoulder with a full range of movement; and contended that the 
** essential ” lesion in recurrent dislocation of the shoulder was a detachment of the glenoid 
labrum. He believed that the mechanism of dislocation in cases subject to recurrence differed 
from that in cases of shoulder dislocation that occurred only once. 

We report here a study of fifty patients, operated on by Bankart and his colleagues 
between 1925 and 1954. Details are given in Table I. 








TABLE I TABLE Il 

CLINICAL MATERIAL CAUSE OF INITIAL DISLOCATION (FIFTY CASES) 
Examined . . 46 - Fall or blow on point of shoulder . 9 

Bankart operation ; Questionnaire . 4 Fall on outstretched hand . : - 8 | 
Address unknown — Forward wrench . ; ‘ : ; 5 | 
Putti-Platt operation . . . . . 5 Abduction injuries . . . . 2 | 
Notes untraced F : ‘ ‘ : - Sporting injuries, details unknown . 12 | 
Total . ; : ; : ; ; 93 Various, mechanism unknown . ~ ae | 

















Four patients were not examined because they lived too far away, but they replied to a 
questionnaire. Notes were available for twenty-one patients not now traceable, and no record 
was available for a further seventeen subjected to operation. Five patients treated by the 
Putti-Platt operation (Osmond-Clarke 1948) have been excluded from the series. 

Mechanism of initial injury—We have been unable to show that the first in a series of shoulder 
dislocations was necessarily produced by some constant mechanism. Details of the initial 
dislocation are given in Table II. Three epileptics are included under ** mechanism unknown.” 
Most of the sporting injuries were sustained on the rugby field, though some were at tennis 
or swimming. In the group with a known history there was one case of luxatio erecta. 

Side and hand dominance, and sex incidence—The details are set out in Table III. We cannot 
confirm the finding of Brav (1955) that the subdominant side is more likely to redislocation. 
Men outnumbered women by two to one. 

Incidence of the Bankart lesion—We found that in about four out of five cases in which 
the pathology was clearly described, the ‘* Bankart lesion” was present (Table IV). In 
fourteen case records the presence or absence of gleno-labral detachment was not mentioned. 
Although gleno-labral detachment occurred in most cases, it is evidently not the essential 
lesion, and recurrence of dislocation can and does happen in its absence, an observation 
also made by Adams (1948) and Eyre-Brook (1948). Our figures are also in accord with 
those of De Palma (1950), who found at operation that forty-eight out of fifty-six shoulders 


* Formerly Senior Orthopaedic Registrar, the Middlesex Hospital. 
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(85 per cent) showed the Bankart lesion, whereas in eight (15 per cent) the labrum was firmly 
attached to the glenoid margin by its capsular border, though its glenoid border was free, 
like a semilunar cartilage. All shoulders in his series showed marked stretching of the 
subscapularis recess, a feature not always encountered in our own. In a post-mortem 
investigation of patients with no history of shoulder injury De Palma also found that some 
degree of labral detachment occurred frequently after the third decade, and almost constantly 
after the sixth. 

Broca and Hartmann (1890) gave a good description of the lesion, but their work was 
neglected, and it is largely due to Bankart’s emphasis that the defect has become widely known. 

Our study is concerned with recurrent anterior dislocation, but gleno-labral detachment 
has been reported in cases of posterior dis!ocation, and three cases are known to us in which 
the Bankart lesion was postero-inferior. In one case, treated by an alleged Bankart repair 
elsewhere, a second operation showed that only half the lesion had been repaired, and that 
a large inferior detachment had been left, through which dislocation recurred. 

The objection may be raised that the Bankart type of repair is applicable only in cases 
with the Bankart lesion. This is not true, because the redundant part of the anterior capsule 
can be excised, and the free edge of the remainder sutured soundly to the labrum or to the 
glenoid margin. 











TABLE Ill TABLE IV 
SIDE AND DOMINANCE OF DISLOCATION INCIDENCE OF THE BANKART LESION 
Right side. : F : =) ae Patients From . 
followed up notes Total 
Left side . : ‘ : ae — $$ ———_—_] 
Present J 32 14 46 
Bilateral . , ; , ‘ 3 
cee SE tae J a 9 , 
Dominant side. . . . 25 Not passant ns 
Subdominant side. . . 22 Not stated . sd 5 14 
Bilateral . . ‘ ; : 3 Total . 50 21 71 




















Humeral head defect—Since the description by Hill and Sachs (1940) of a defect in the posterior 
part of the head of the humerus, considerable attention has been paid to the mechanical 
derangement of the shoulder which it may cause. We have an insufficient number of patients 
radiographed in the proper projection to justify any conclusions. There was no defect, 
however, in the two cases to be described later in which there was a recurrence of the dislocation 
after operation. 

Range of movement after operation—Table V gives details of the range of lateral rotation. 
It must be emphasised that these figures refer to loss of lateral rotation at the gleno-humeral 
joint. In most cases, by increasing scapulo-thoracic movement, the loss of gleno-humeral 
mobility could be completely compensated. It was thought preferable to record the range as 
a loss of lateral rotation rather than as a positive figure, because the range of rotation not 
only varies with the individual but decreases with advancing age (De Palma 1950). In each 
case the opposite shoulder was used as the criterion. 

This makes comparison difficult with figures quoted by Adams (1948). He found an 
average range of 51 degrees of lateral rotation in eighteen patients treated by Bankart’s 
operation, 40 degrees in thirty-seven patients treated by the Putti-Platt operation, and 73 
degrees after fifty-nine Nicola operations. 

In our series the average loss was only 20 degrees. In half the patients the loss of rotation 
was 10 degrees or less (Figs. 1 to 4). On ordinary examination a full range of movements 
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1 
I 
f 
Fic. 1 Fic. 2 
Right side, twenty-two-year follow-up. Left side, thirteen-year follow-up. 
Post-operative range of movement full: five cases. 
Raa 
Fic. 3 Fic. 4 
Bilateral, six-year follow-up. i Left side, eight-year follow-up. 
Lateral rotation limited by 10 degrees: twenty cases. oO 
a 
A 
Sl 
Fic. 5 Fic. 6 
Right side, fourteen-year follow-up. Left side, eight-year follow-up. 
Lateral rotation limited by 20 degrees: nine cases. 
Fic. 7 Fic. 8 
Left side, eight-year follow-up. Right side, two-year follow-up. 
Lateral rotation limited by 40 degrees: seven cases. 
re 
ra 
R 
ar 
Fic. 9 Fic. 10 
Left side, five-year follow-up. Right side, six-year follow-up. Ci 
Lateral rotation limited by 60 degrees: seven cases. to 
di: 
he 
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would have been recorded, and a small limitation was apparent only on a searching test of 
joint movement. In only seven was the loss more than 60 degrees (Figs. 9 and 10), and of 
these one had had a gross neuropathic arthritis due to syringomyelia, one had marked 
Parkinsonism, and three had been operated upon unsuccessfully elsewhere. Most of the 
patients did not notice the slight loss of rotation, and considered that they had full painless 
function. Only ten had any disability, and this could not be correlated with loss of movement. 





Fic. 11 
Right side. Nearly full range three months after operation. 


The patient followed up longest, who was operated upon thirty years ago, said: “* My 
operation was a remarkable success. I believe it was the seventh Bankart did. It carried me 
all through the last war as Al. Incidentally I have absolutely 100 per cent arm movement.” 
A cine film has been taken of this patient, showing full movement. The patient has a painless 
stable shoulder, and completely full function. 


TABLE V 


RANGE OF MOVEMENT AND RECURRENCES 
AFTER BANKART OPERATION 








Loss of lateral rotation Cases 
10 degrees orless . . . . 25 
20 degrees. 9 
40 degrees. ; ; ; ; , 7 
60 degrees. ; ; ; ‘ , 6 
More than 60 degrees. ; , l 
Dislocation recurred 2 
Total ; 3 . 2 ' ns 50 
Average loss of lateral rotation 20 degrees 











Whenever possible photographic records were made of the range of lateral rotation, and 
representative cases are illustrated in Figures | to 11. With proper physiotherapy a full 
range of movement may be regained in three months (Fig. 11). 

Recurrences—Two out of the fifty patients have had further dislocation and their case histories 
are of interest. 


Case 1—Man aged twenty-two. Right handed. The initial injury was a fall during gymnastics on 
to the point of the right shoulder and the side of the head at the age of thirteen. The shoulder was not 
dislocated at once, but came out some days later. Radiographs showed no defect in the humeral 
head. Redislocation was frequent on slightest provocation. 
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Operation (1947) (Mr P. H. Newman)—Anterior approach. Bankart lesion was not present, but 
there was a large subscapularis pouch. This was obliterated by three silkworm gut sutures and the 
capsule was shortened. The subscapularis was not shortened. The arm was kept bandaged to the 
side for one month, after which graduated exercises were permitted. 

Progress—Full movement was regained three months after operation, and the patient eventually 
entered the Royal Air Force in the top medical category. Though he had many falls on assault-course 
training, he had no recurrence. While servicing an aircraft, however, his arm took all the force of 
an under-carriage which was let down abruptly, and the shoulder was dislocated by a direct downward 
wrench. Further dislocations were frequent and spontaneous. A Putti-Platt operation was performed 
while he was in the service in 1953. 

When followed up, the patient said that the shoulder had not redislocated but that it felt ** loose.” 
There was only 20 degrees loss of lateral rotation, and the same loss of medial rotation. Otherwise 
there was a full range of painless movement. Both shoulders showed an undue laxity of all supporting 
structures and could be passively distracted with ease. Disability was slight, and largely self-imposed, 
as he avoided activities which previous experience suggested might put undue strain on the joint. 


Case 2—Woman aged forty-one. Right handed. The left shoulder had dislocated at about the age 
of twenty, while she was playing with a child. She was uncertain of the mechanism, but sure that 
there had been no serious injury. Two recurrences were treated by her doctor, and the shoulder 
then gave no further trouble for some years, when it spontaneously dislocated on four occasions. 
Radiographs showed no humeral head defect. 
Operation (1948) (Mr Philip Wiles)—Anterior approach. The Bankart lesion was found and the 
classical Bankart repair performed. Full movement was regained in three months, and no further 
trouble developed for almost seven years. In 1955 she fell in the snow, violently abducting the left 
arm and dislocating the shoulder. This injury was treated by her doctor, and has given no trouble since. 
The patient was sure that this episode was a different type of dislocation from that which she 
had experienced before, and her description of the appearance suggests that it was an anterior rather 
than an inferior dislocation. The shoulder has remained stable and painless, though lateral rotation 
is limited by 40 degrees. 


The rate of recurrence in this series bears comparison with the figures collected from the 
literature by Vare (1953). 
TABLE VI 


RECURRENCE RATE AFTER VARIOUS STABILISING OPERATIONS (VARE 1953) 





Operation = ea 
ONES ny Sol, cin at eae al 37:3 
Bone block : . ; ; ‘ ‘ 128 6:2 
Fascial and/or tendon reconstruction . 235 4-7 
Putti-Platt . ; ‘ ; ; ‘ ‘ 37 2:7 
Bankart . , ‘ ; : ; : 44 2:3 
Magnuson-Stack . F , , : 85 2:4 











Comment—lIn one case in this series the classical Bankart repair was not performed and, 
despite a second operation, abnormal laxity of the shoulder still exists. In the other there is 
good reason to believe that the post-operative dislocation was not a recurrence of the original 
luxation, and the force of injury was quite sufficient to dislocate even a previously normal joint. 


CONCLUSIONS 
We believe that Bankart’s claim that his operation successfully prevented recurrent 
dislocation of the shoulder has been amply confirmed. It remains true that in most cases 
full function is regained, with a stable painless shoulder, and often without appreciable loss 
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of lateral rotation. By his close observation of the pathology of the joint, the soundness of 
his technique and logic of his repair, Bankart established one of the most reliable operations 
for the cure of recurrent dislocation of the shoulder. 


SUMMARY 


1. Fifty cases of recurrent dislocation of the shoulder are reported, operated upon by Bankart 
and his colleagues from 1925 to 1954. 

2. This is the first detailed survey of his patients, some of whom we were unable to trace. 

3. It has been confirmed that the operation is successful, and that a full range of movement 
can be regained after operation, though not in every case. 

4. Two cases treated unsuccessfully are described and discussed. 


It is a pleasure to thank Mr Philip Wiles and Mr P. H. Newman for permission to study patients under their 
care, and for much stimulating criticism and advice. Much of the material was first put together by Mr A. 
Johnston Abraham, who kindly made his notes available to us when he was unable to proceed with the 
investigation. We are grateful to Surgeon-Captain L. G. Yendoll, R.N., for radiographs of one patient, 
and to Mr F. E. Knapman for the cine film. Other photographic assistance was supervised by Mr M. Turney. 
Much valuable help was given by members of the staff of the Records Department, the Middlesex Hospital, 
under the direction of Mr E. T. Cowan. 
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A CASE OF POLLICISATION OF THE INDEX FINGER 
C. C. JEFFERY, EXETER, ENGLAND 
From the Princess Elizabeth Orthopaedic Hospital, Exeter 


The operation of pollicisation of the index finger has been well described by Cuthbert 
(1948) and illustrated by a case giving a very fine result in the original number of the British 
Journal of Plastic Surgery. In the same number Moore (1948) described two further cases. 
None the less the operation is seldom carried out, and therefore it seemed reasonable to 
report another example. 

Pollicisation of the index finger is seldom indicated but should be considered under 
certain circumstances. 1) For total loss of the thumb, including the metacarpal or part of it, 
when the index finger has been shortened by coincidental or previous injury. 2) For certain 
exceptional cases of thumb loss in which the index finger is not damaged. An example is 
the case here reported. This patient had lost his other arm as a result of a previous accident. 
3) In congenital absence of the thumb. Pollicisation of the index finger has been successfully 
performed on two such cases by colleagues on the staff of this hospital. 





Fic. 1 
Radiograph of the hand before pollicisation 
showing the amount of first metacarpal 
remaining. 


In most cases of partial loss of the thumb in which the other hand is undamaged it is 
probably wiser to reconstruct a short thumb in accordance with the * cocked hat ”’ technique 
described by Hughes and Moore (1950). This produces a short but useful thumb covered 
with hand skin. Thumbs reconstructed so that their pulp and distal extremities are covered 
with skin obtained from pedicle grafts are almost always unsatisfactory, as the skin will not 
stand up to work and never has the normal sensation which is essential for the satisfactory 
function of a digit. 

In the case illustrated here (Fig. 1) the cleft between the second and third metacarpals 
was first developed. This involved gently splitting the common digital nerve trunk proximally 
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as far as necessary from its point of division, and displacing the arterial trunk laterally after 
dividing its branch to the middle finger between ligztures. The second metacarpal was then 
severed near its base and its distal end was brought into relationship with the stump of the 















Fic. 2 
Photographs of the hand after pollicisation of index finger. 


first metacarpal. Skin cover for the radial side of the cleft was provided from a flap based on 
the dorsal aspect of the second metacarpal and extending on to the dorsum of the hand to 
the third intermetacarpal space. The defect thus produced and the ulnar side of the cleft 
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were covered by split-skin grafting. At a second operation the distal part of the second 
metacarpal was rotated through 90 degrees and fixed to the stump of the first metacarpal. 
The proximal end of the extensor longus pollicis tendon was sutured to the distal end of the 
extensor tendon of the index finger after this had been divided. 





Fic. 3 
Photographs illustrating the useful function that has been restored. 


The reconstructed thumb has proved of very great benefit to the patient—a one-armed man 
fifty-eight years old—who had had a period of some weeks with the thumbless four-fingered 
hand and had therefore been able to compare the two states. Figures 2 and 3 show the hand 
at the completion of treatment. 
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Comment—This case has fallen somewhat short of what was hoped of it, in that the re-formed 
first metacarpal united with some angulation, as seen in the antero-posterior plane of the 
transposed digit, so reducing the amount by which the thumb can be moved forward from 
the palm. The power of flexion of the pollicised index finger is good, and the range is full. 
Extension at the distal two joints is weak and it is incomplete at the proximal interphalangeal 
joint. Sensation in the new thumb and of the middle finger is normal. The function of the 
three inner digits is unimpaired. 

Essentially the two-stage method of pollicisation as described by Cuthbert was used. 
The extra joint of the new thumb was subsequently eliminated by arthrodesis of the erstwhile 
metacarpo-phalangeal joint of the index finger, with some improvement in the extension 
power of the new thumb. 


I am indebted to my colleagues, Mr F. C. Durbin and Mr G. Blundell Jones, for allowing me to study their 
cases of pollicisation for congenital absence of the thumb, and also to Mr A. Reany, M.S.R.., lately radiographer 
at this hospital, for the radiographs and photographs. 
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MORTON’S METATARSALGIA DUE TO CAVERNOUS ANGIOMA 


THOMAS A. BERRY, DURHAM, ENGLAND 


Since the condition of plantar digital neuroma became widely recognised as a result of 
the writings of Betts (1940), McElvenny (1943) and Nissen (1948), many thousands of these 
lesions must have been explored. All accounts agree that histologically there is a great 
proliferation of fibrous tissue in and around the nerve. The purpose of this communication 
is to record a case, otherwise reasonably typical, in which the bulk of the swelling was due 
to a cavernous haemangioma. The naked eye appearance at operation was unusual, and | 
have been unable to trace a report of a similar case. 


—— 
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Fic. | 
Histological section showing nerve bundles separated by fibrous tissue in which are numerous thin-walled, 
distended blood spaces. 


The patient was a girl aged eighteen years. In 1943, when she was ten years old, she 
was admitted to another hospital with the complaint of pain in the right forefoot, in the 
region of the metatarsal heads. The symptom had been present for some years. The site 
of tenderness was explored through an incision in the sole, in the line of the second digit. 
Part of the subcutaneous tissue appeared abnormal and was removed. It contained small 
hard granules, and on section there were small, round, reddish-brown areas. (It seems probable 
that the digital nerve was not examined.) The patient was discharged free from symptoms 
after a few weeks, but the pain soon returned, and at the age of eighteen she sought further 
advice. Her complaint was then of pain under the metatarsal heads which was worse after 
standing. On examination there was marked tenderness in the second cleft, so much so that 
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she would not permit deep palpation. There was some diminution of sensation to pin-prick 
in the second and third toes. 

At operation the second interdigital cleft was explored. A swelling was found on the 
nerve in the usual situation, just proximal to the bifurcation. It was elongated and about a 
quarter of an inch in diameter, but dark purple in coiour instead of the usual glistening white. 
It was resected and the wound was closed. 

Convalescence was uneventful, and when last seen some six weeks after the operation 
she was free from pain, except for some hyperaesthesia distal to the scar. 

Histological examination of the specimen (Fig. 1) showed nerve bundles separated by 
fibrous tissue in which were numerous thin-walled, distended blood spaces—an angioma. 


My thanks are due to Mr C. G. Irwin in whose department I treated this patient, and to Dr R. Schade for 
the histology. 
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REPLACEMENT OF BICEPS BRACHII BY PECTORALIS MINOR TRANSPLANT 


Report of a Case 


E. SpIRA, TEL-AVIV, ISRAEL 
From the Tel-Hashomer Hospital, Tel-Aviv 


Clark’s (1946) original conception of the replacement of biceps brachii by pectoralis 
major helped me to solve a difficult problem which seems worth reporting. 

A man aged twenty-nine had been stricken with poliomyelitis nine years before I first 
saw him. There was residual paralysis of the lower limbs and partial paralysis of the upper 
limbs. On the right side there was total paralysis of the pectoralis major, biceps brachii and 
deltoid muscles. The triceps was weak and could not extend the elbow against resistance. 
All other muscles of this extremity were functioning well; in particular, the pectoralis minor, 
lying beneath the paralysed and wasted pectoralis major, could be seen and felt as a firm strong 
band extending from the coracoid to the upper ribs. The left upper extremity was unaffected 
apart from weakness of the deltoid muscle, which functioned against gravity but not against 
added resistance. 

The patient had become resigned to the fact that he was obliged to live a wheel-chair life, 
but the extent of his disability left him entirely dependent on the unstinting help and almost 
continuous attendance of his aged parents. He was tall and heavily built, and because of the 
paralysis in the right upper extremity he was unable to wheel himself; nor could he lift himself 
in and out of the chair. Only with much difficulty could he operate a small lathe, as his right 
hand functioned as a help and stabiliser only, making his work slow and unproductive. The 
patient was intelligent, co-operative and of high morale, and he came to me to enquire 
whether there was any operation that might improve the function of the right arm, thereby 
enabling him to become more self-sufficient. 

The Steindler muscle shift operation was considered unsuitable because of the risk of 
weakening the forearm muscles, and of the development of a flexion contracture of the elbow. 

It seemed that the strongly acting pectoralis minor was the only muscle suitable for 

transplantation without depriving the patient of a muscle of functional importance. 
Cunningham’s (1943) text-book describes its nerve supply as follows: “‘ The pectoralis minor 
is pierced by two sets of nerves. The superior set is derived from the loop of communication 
between the two pectoral nerves over the axillary artery; the inferior set is derived from the 
medial pectoral nerve alone. The two sets supply the pectoralis minor muscle, and, after 
piercing it, supply the sterno-costal part of the pectoralis major.” 
Operation—The operation was performed in January 1953. The approach was the same as 
that described by Clark (/oc. cit.) for the pectoralis major transplant. The pectoralis major 
was found to be atrophied, with only a few fibres reacting to pinching. The muscle was split 
in the line of its fibres, exposing the well developed pectoralis minor beneath. The origin of 
the pectoralis minor was dissected free from the third, fourth and fifth ribs, and as the muscle 
was lifted up the nerve branches could be seen entering the muscle on its lateral side. A fascial 
strip thirty centimetres long and five centimetres wide was taken from the left thigh and 
sutured, with interrupted stitches, in sleeve-like fashion to the detached origin of the muscle. 
An incision over the front of the lower third of the arm exposed the atrophic and slack biceps 
brachii. The now elongated pectoralis minor was drawn down subcutaneously and sutured 
under tension to the tendon of biceps brachii. Although the pectoralis minor in its new 
position had been rotated through almost 90 degrees there appeared to be no undue tension 
on the vascular and nerve supply. 
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After operation the limb was supported in a simple collar-and-cuff sling for three weeks, 
and thereafter active extension of the elbow was encouraged. 
Result—Six months after the operation there was virtually a full range of extension of the 
elbow with strong flexion through a range of 135 degrees (Figs. 1 and 2). The patient was 
able to flex the elbow against a resistance of ten kilograms. The formerly weak triceps also 
gained much in strength so that he could raise up his body on the extended right arm. The 





Fic. 1 Fic. 2 


Showing active range of flexion and extension six months after transfer of pectoralis 
minor to biceps. 


patient, in addition, had learned to use the transplanted pectoralis minor as an abductor and 
could raise the arm away from the body to a 35 degrees angle, thus partly compensating for 
the paralysed deltoid. 

Follow-up examinations have shown progressive improvement in strength in flexion- 
extension of the elbow and in abduction of the shoulder. He is now almost completely 
independent for his daily needs in the home and at work. 
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SUBTOTAL REMOVAL OF THE SCAPULA FOR ANEURYSMAL BONE CYST 
E. S. JAMES, WINNIPEG, MANITOBA, CANADA 


An otherwise healthy girl, ten years old, first complained of pain and swelling in the 
right scapula in June 1953. There was no interference with function of her shoulder or arm. 

Radiographs gave evidence of an expanding cystic tumour in the body of the scapula. 
All other investigations showed no abnormality. 

The lesion was explored. The cyst was opened, curetted and filled with bone chips. 
It contained a thin sanguineous fluid and a scanty lining membrane. This presented the 
histology of a benign giant-cell tumour, with large thin-walled spaces filled with blood and 
some areas of new-bone formation (Fig. 1). The walls of the septa between the cyst spaces 
were fibrous. 





Fic. 1 


Section showing large thin-walled spaces filled with blood. There are groups 
of giant cells and areas of new-bone formation. The septal walls are fibrous 
and devoid of muscle fibres. 


All seemed well until a year and a half later, when pain recurred and began to keep her 
awake. The scapula became swollen and tender, and shoulder movements were restricted. 
Radiographs now showed absorption of the bone chips and a large cystic lesion extending 
into the neck of the scapula (Fig. 2). 

At re-operation, with the patient prone under general anaesthesia, the scapula was 
exposed through an inverted L-shaped incision. All muscles attached to the margins and 
back of the scapula were separated subperiosteally. The tip of the acromion was not involved 
in the lesion, and was therefore not removed, but the whole of the rest of the bone was excised. 

The wound healed rapidly and almost normal shoulder movements were regained. There 
was no important deformity (Fig. 3). 

On section, the excised scapula was seen to be expanded by many thin-walled fibrous 
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SUBTOTAL REMOVAL OF THE SCAPULA FOR ANEURYSMAL BONE CYST 





Fic. 2 
Radiograph just before excision of scapula. The 
expanded bone contains large cystic spaces. 








Fic. 4 

Fic. 3 Syme’s original case (1856) to compare with 

The patient after excision of the scapula. the author’s. (From Coley’s Neoplasms of 
Deformity is only slight. Bone.) 
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cysts (Fig. 5). These had eroded the overlying bone in several places. The histology was 
that of an aneurysmal bone cyst with areas of haemorrhage, giant cells and new bone 
formation (Jaffe and Lichtenstein 1942). 





Fic. 5 


Cross section of scapula showing its great enlargement. The cyst contents 
have been coagulated by formalin. 


COMMENT 


Partial or complete removal of the scapula is an uncommon operation. Although its 
first performance is attributed to Syme (quoted by Paterson, 1874) in 1856 (Fig. 4), 
Cuming had already removed the scapula with the entire forequarter in 1808 and Luke had 
excised three-quarters of the scapula in 1828 (Keevil 1949). 
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A SIMPLE PROSTHESIS FOR RURAL AMPUTEES 


G. M. MULLER, COLOMBO, CEYLON 


A rural worker in the under-developed countries of the Far East and South-East Asia 
spends much of his time in paddies or in other wet underfoot conditions; he works in his 
bare feet. If he does wear an orthodox artificial limb, immersion of the working parts of the 
ankle and foot shortens the life of the limb. This, in a country where transport is inadequate 
and where facilities for repairs are distant, is a great drawback to the regular use of the modern 
artificial limb. 

A peg-leg would be an excellent substitute for the orthodox limb; but in the East, as 
anywhere else, there is a distinct disinclination to use the peg-leg, which renders its wearer 
conspicuous even when he lets his skirt-like garment, the “ sarong,” drop to his ankles. 
Further, a shoe cannot be worn on a peg-leg. 


——s 








Fic. 1 Fic. 2 


An artificial foot has two joints in it, at the ankle and at the metatarso-phalangeal level; 
a peg-leg functions as a pivot. If the base of the pivot is lengthened, a new lever comes into 
play in walking, and the limit of length of this lever is the level of the metatarso-phalangeal 
joint; beyond that point basic pivotal action has to be modified by a hinge. 

Based on the above considerations a type of foot-piece has been evolved. It is manufactured 
from hardened rubber, solid below and sleeve-like above (Fig. 1). 

This sleeve fits closely around the wooden leg-piece. The rubber foot-piece extends only 
as far as the normal metatarso-phalangeal joint. The resilience of the rubber prevents jarring 
on hard surfaces and gives just enough at the “ ankle’ to prevent the rigidity which would 
result from a solid leg and foot-piece. 

With this rubber foot-piece, which is made for a few shillings, the amputee is able to 
step into water or mud in the course of his work. If he wishes to wear a shoe when on dry 
land, all that is necessary is to pad the toe cap of the shoe before inserting his “* foot.” There 
are no working parts to damage or to rust; the prosthesis is waterproof, stable, comfortable 
and silent. It can be worn without shoes in the house, as is the preferred custom in the East 
(Fig. 2), and it is cheap and easy to replace. 


Mr D. C. Sri Dillimuni, Workshop Manager, and Mr A. E. Assauw, Assistant Workshop Manager, of the 
Orthopaedic Clinic, Colombo, have helped in working out the technical problems of this prosthesis, which is 
now made for us by the firm of Richard Peiris & Co. Ltd., Colombo. 
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A PROSTHESIS FOR TETRAPLEGICS 






G. M. BEDBROOK and W. A. DoYLe, PERTH, WESTERN AUSTRALIA 




















From the Paraplegia Unit of the Royal Perth Hospital 


To make tetraplegics independent is a formidable task. In an attempt to help in 
rehabilitation a new apparatus has been designed. 


CASE REPORT 


A man aged twenty-one sustained a fracture-dislocation of the cervical spine (C.5-6) by 
diving into a shallow pool. The resulting tetraplegia did not recover. For many months his 
convalescence was made difficult by urinary infection, a decubitus ulcer and debility. After 
admission to the Paraplegia Unit these were gradually overcome. He then became more 
interested in his future and a start was made in his retraining by getting him to undertake 
feeding, washing and other items of normal daily care. Examination revealed that his most i 














Fic. 1 a 
Appliance with the attachments as described in text. 


definitive action was that of flexion and extension of the elbow, which he could control almost 
normally. Supination was also a purposeful action. It was decided to make an apparatus c 
with the wrist and hand immobile, by which use could be made of these movements. The h 
voluntary power of the wrist was very weak and of the hand nil. te 

Accordingly, an aluminium cock-up splint, with the fingers in the position of function, 
was made. To the volar surface of this were attached three spring-loaded ball-bearing sockets, 
so that various implements could be clicked in as required. These three sockets were mounted: 
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1) near the radial side; 2) near the ulnar side; and 3) distally on the palmar platform by means 
of a light-gauge steel bar which fitted the splint (Fig. 1). 

The knife attachment allows a rocking action as the patient found this the most useful. 
The fork and spoon attachment carried the two pieces of cutlery mounted on a circular plate. 
These revolved on one another and were fixed by means of a spring-loaded ball socket at the 
appropriate position. This capstan-like arrangement is easily used by the patient. 

A rubber-tipped steel finger has also been added to aid turning the leaves of a book or 





Fic. 2 
The appliance fitted to the hand in the position of use. 


using a typewriter. Other devices can be mounted to help in occupational therapy and finally 
in rehabilitation. 

This appliance is easily made, is light and can be easily cleaned. All of its ferrous parts 
are chrome plated. 

Its usefulness depends on immobilising the wrist, and the instrument will find its greatest 
use in patients such as this (Fig. 2). 

Another patient also has been fitted with a similar instrument. Both men use them 
continuously, and can now undertake activities such as feeding, typing, turning pages and 
handling books. Both patients feel much more independent, are psychologically mush easier 
to manage and are now more co-operative in plans for rehabilitation. 
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THE MECHANICAL BASIS OF BONE FORMATION 


J. H. Scott, BELFAST, NORTHERN IRELAND 
From the Anatomy Department, Queen’s University, Belfast 


Murray (1936) gave an excellent summary of the principal theories relating to the 
mechanical structure of bones. These are: 1) the trajectorial theory of Culmann, Meyer, 
Wolff, Thoma and Roux; 2) the pressure theory of Jansen and Carey; and 3) the ““ Harmonische 
Einfiigung ” theory of Triepel. 

According to the classical trajectorial theory the architecture of bone is determined by 
both pressure and tension, and the arrangement of the bony trabeculae in such regions as 
the upper end of the femur can be analysed as pressure trajectories and tension trajectories. 

Jansen (1920) and Carey (1929) denied the trajectorial nature of bone structure and held 
that pressure was the all-important factor whether it be exerted by body weight or the action 
of muscles (back-pressure vectors of Carey). They have been supported by Shik and 
Grechischkin (1940). 

Triepel (1922) held that the internal structure of a bone was primarily in harmony with 
the external form and only secondarily modified by functional demands. 

There is also the theory postulated by Gebhardt (1905) and Weidenreich (1923) that the 
vascular pattern determines the bony architecture to a considerable extent. Petersen (1930), 
however, considered that the vascular pattern was secondary to the bony architecture. 

Closely related to the problem of the part played by tension and pressure in bone 
formation is the question of the relative importance of the intermittent or constant application 
of either pressure or tension. Here the most important work is that of Jores (1920), who 
showed that constant pressure produced bone atrophy, and intermittent pressure bone growth; 
and of Loeschcke and Weinnoldt (1922) who showed that the pressure of the intracranial 
contents produced bone resorption. 

A third problem is that of the level of organisation at which the mechanical factors act 
in the formation of bone structure. A bone is not in itself a mechanical unit. It is built up 
of lamellae and Haversian systems (osteons), and, at a lower level of structure, of collagenous 
fibrils, matrix and inorganic material. 

It is proposed in this paper to give a brief analysis of the trabecular structure of a number 
of bones and to attempt a synthesis of the mechanical factors concerned in bone formation 
in the light of recent knowledge of bone structure. 


TRABECULAR PATTERNS 


If the body of a vertebra (Fig. 10) is sectioned it will be seen that the principal trabeculae 
pass from the upper to the lower surface—that is, along the lines of pressure. Thinner, 
less well developed, laminae run at right angles to these principal trabeculae. According to 
the trajectorial theory these latter are related to tension acting at right angles to the direction 
of pressure. According to Jansen, however, they are struts which prevent any “ buckling ”’ 
of the principal trabeculae. Figure 1 shows a radiograph of an antero-posterior (sagittal) 
section from the middle of the talus. It will be seen that well marked trabeculae radiate 
from each of the articular surfaces towards the centre of the bone and that they originate at 
right angles to the articular surface. Figure 2 shows a transverse section through the talus. 
As in a vertebra, the main trabeculae run from the upper (talo-tibial) to the lower (talo- 
calcaneal) articular surface. 
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In the calcaneum (Figs. 3 and 6) the principal trabeculae can be arranged in three groups: 
1) trabeculae radiating into the substance of the bone from the articular surfaces; 2) trabeculae 
related to the insertion of powerful ligaments (long and short plantar) and tendons (tendo 
calcaneus); and 3) trabeculae running at approximately right angles to the principal pressure 
trabeculae. 





Fic. 1 


Radiographs of an antero-posterior section of the talus. Note the trabeculae 
radiating from the articular surfaces. 





Fic. 2 


Radiograph of a transverse section of the talus. Note the 
predominance of vertical trabeculae between the upper (tibial) 
and lower (calcaneal) articular surfaces. 


In the patella the superficial lamellae are related to the direction of the fibres of the 
patellar ligament and the direction of action of the quadriceps femoris. The deeper trabeculae 
are at right angles to the articular surface (Fig. 12). 

At the lower end of the femur, the tibia and the humerus (Fig. 11), and at the upper end of 
the tibia (Fig. 9), the principal trabeculae are vertical in direction and arranged at right angles 
to the articular surfaces. 
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The same pattern is found at the region of the glenoid fossa of the scapula (Fig. 5) and 
at the acetabulum (Fig. 4). In the head of the humerus (Figs. 7 and 8) trabeculae radiate 
inwards towards the centre of the head from the concave inner surface of the articular area. 
There is also a group of trabeculae entering the head from the cortical bone of the upper 
end of the medial surface of the shaft. 

In the upper end of the femur (Figs. 13 to 15) the trabeculae can be grouped as follows: 
1) trabeculae of the articular surface of the head of the bone. These, as in the head of the 
humerus, radiate inwards from the articular surface; 2) trabeculae of the neck region. These 
spring from the surrounding cortex and form a series of domes or arches within the neck 
region; the uppermost members of the series enter the head and there mingle with and support 
the head trabeculae; and 3) trabeculae of the greater trochanter. The two latter groups are 
peculiar to the femur and are related to the form of the neck region and the nature of the 
attachment of certain muscles. 





Fic. 3 
Radiograph of an antero-posterior section of the calcaneum. 


Careful examination of any region where the bone forms a trabecular structure will 
show three degrees of organisation. In the first the bony trabeculae are in the form of a 
delicate network with no definite pattern and in which the lamellae join one another at various 
angles. This type of structural organisation is found in relatively unstressed areas, and in 
young bones. In the second degree the trabeculae are more plate-like in form, thicker in 


section, but without any predominant pattern. This seems to be the highest stage of 


organisation reached in the upper end of the femur in sloths (Tobin 1955). In the third degree 
the trabeculae are thickened, are plate-like, and are orientated in a definite pattern which 
appears to be related to the mechanical requirements of an elastic body constructed to 
withstand stress. 

The third degree of organisation appears to have differentiated from the first by a process 
of selective bone deposition and resorption whereby the random network becomes transformed 
into a structural pattern correlated to the mechanical requirements of the region concerned. 

Townsley (1938) found that in foetal femora, and up to the age of nine or ten months 
after birth, there were well developed longitudinal bars of bone with insignificant ** transverse ”” 
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bars connecting the adjacent longitudinal bars; but after ten months, and corresponding to 
the inception of weight bearing or walking, there was a complete reformation of the cancellous 
tissue on a cross-braced plan, as in the adult bone, to withstand the strains and stresses which 
now fell on the head and the curved neck of the femur (Fig. 15). 





Fic. 5 
Radiograph of a section of the glenoid 
fossa. 


Fic. 4 Fic. 6 
Figure 4—Radiograph of a section of the innominate bone and acetabulum. Note the trabeculae radiating 
from the articular surface and from the weight-transmitting pelvic brim. Figure 6—Radiograph of a 
bisected calcaneum. 


At joint surfaces the direction of weight-bearing forces and those generated by muscle 
action will vary according to the relative position of the bones during different phases of 
movement, but, within the complete range of movement permitted at any joint, the directions 
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Fic. 7 Fic. 8 


Figure 7—Radiograph of the head of the humerus from above. Figure 8—Radiograph ot a bisected head of 
the humerus. Note trabeculae radiating inward towards the central region from the articular surface. 





Fic. 9 
Radiograph of the upper end of the tibia. 





Fic. 10 Fic. 11 


Figure 10—Radiograph of the body of a lumbar vertebra. Note the vertical arrangement of the principal 
trabeculae. Figure 11—Radiograph of the lower end of the humerus. 
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along which forces are transmitted from one bone to the other will be coextensive with the 
size and form of the articular surfaces. There is, however, for each weight-bearing joint a 
position of maximal stability. In this position the amount of weight transmitted and the 
co-adapting power of the muscles will be at a maxi- 
mum (Walmsley 1928), and the organised trabecular 
pattern of the adjacent bones will coincide in their 
transarticular morphology. These facts determine the 
pattern of trabecular structure at the articular ends 
of long bones and explain why trabeculae always 
commence at right angles to the articular surface 
and why among these certain trabeculae are more 
developed than others. In the shafts of long bones 
the bending forces act only around the axis of the 
shaft and can best be resisted by the tubular form. 
They do not require the more complex pattern of 
trabeculae which is typical of the articular regions. 


PRESSURE AND TENSION IN BONE FORMATION 

According to the classical trajectorial theory, 
when a force is exerted on an elastic body there are 
set up within the body two principal directions of 
stress. The stress in one direction is that of greatest 
pressure and in the other direction that of greatest 
tension. The trajectorial lines representing these Fic. 12 
stresses cross one another at right angles. According _ Radiograph of patella. Note the relation- 
to Wolff (1892) whenever stresses of pressure and ship of the surface trabeculae and the 

: ; ‘ deeper trabeculae arising from the articular 
tension are caused in a bone, whether by pressing surface. 
forces or by pulling forces, the formation of bone 
takes place. The classical application of this theory is found in the analysis of the trabecular 
structure of the upper end of the femur. In a recent article Tobin (1955) expressed the 
relationship as follows: “* There are two main trabecular patterns or systems in the upper 
end of the femur: first the compression group which arise from the medial portion of the 
shaft and extend upwards into the head; second a tensile group arising from the lateral portion 
of the shaft and curving upwards, ending in the upper portion of the neck and inferior 
portion of the head. The two systems intersect at right angles.” Jansen (1920) and others, 
however, have shown that the trabecular pattern only approximates to the strict requirements 
of the mechanics of the trajectorial theory. This is understandable if it is remembered how 
trabecular patterns develop gradually from a bony network that at first shows no trace of a 
mechanically determined organisation. 

There is evidence that excess of both pressure and tension beyond the limits of tolerance 
leads to resorption of bone (Eggers Lura 1952). It seems, however, that a gradual application 
of force can produce deformity without fracture or resorption. This involves a gradual 
reorientation of the trabecular pattern (Weidenreich 1922). 

It seems obvious, however, that the subdivision into tension and pressure stresses is 
somewhat artificial when applied to an elastic substance such as bone. The pressure exerted 
by the body weight, and the activity of the dorsal muscles, on the body of a vertebra, will 
produce compression from above downwards and expansion from side to side (Fig. 16). 
When the compressing force is released the vertebral body will return to its original form. 
Therefore both the “ pressure ”’ trabeculae (running from above downwards) and the “ tension” 
trabeculae (running in the horizontal plane) are in relation to both pressure and tension 
according to whether the bone is under compression or not. When it is not under compression 
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it is undergoing a process of elastic recoil during which there will be an inversion of the 
** pressure’ and “ tension” relationships. The talus is of interest in this respect in that no 
muscles are attached to it, but both the body weight (passing from the tibia to the skeleton 
of the foot) passes through it, and the flexor, extensor and peroneal muscles produce stresses 
which act on it. We have seen that trabeculae radiate from each of its articular surfaces 
and on superficial analysis these could obviously be classified as “ pressure ” trajectories, 
but, as in the vertebral body, they are related both to pressure (during weight transmission 
or muscle action) and tension (when these forces are not acting and the bone is undergoing 
an elastic recoil to its resting form). When we consider the complex variability in the intensity 





Fic. 13 


Radiographs of frontal sections of two 
femora. 


of forces acting on such relatively simple bony structures as a vertebral body or the talus 
from time to time during normal functional activity we can appreciate how difficult it is to 
apply anysimple mathematica! theory to explain the trabecular structure,and how complex this 
structure may be. This is especially true of the trabeculae related to convex articular structures 
such as the head of the femur, the humerus, and the tibial articular surface of the talus, where 
a varying pressure is exerted on different segments of the articular surface according to the 
relationship of the bones at the joints at different periods of normal functional activity. 
Evans (1955) tested the elastic behaviour of the femur by static vertical loading of the 
bone. After removal of the load the bone returned to its original condition. Such loading, 
which involved a pressure of 650 pounds between the head and the condyles, produced 


THE JOURNAL OF BONE AND JOINT SURGERY 











vO 


_ 
oO 


au 








ee ca oS ent 


ni ea kaa A 


sn diate Ve eel An srt as 





THE MECHANICAL BASIS OF BONE FORMATION 141 


compression along the medial side of the bone and tension along the lateral side; the elastic 
recoil after the removal of the load reversed the direction of these stresses. 
The next step is to consider these changes in terms of the microscopical structure of bone. 


BONE STRUCTURE IN RELATION TO MECHANICAL FORCES 


Recent work based on the use of the electron microscope has added greatly to our 
knowledge of bone structure. According to Robinson and Watson (1952) most of the collagen 
is disposed in roughly parallel fibres. The width of each fibre is fairly uniform at 800A but 
increases somewhat with age (Huber and Rouiller 1951). The bone salts form crystals, 
which are disposed mainly on the surface of the fibres and are about 350—400A in length and 
width, and about 25—50A in thickness. These bone crystals are embedded in, and united by, 
a cement substance. They also increase somewhat in size with age. 





Fic. 15 
The upper end of the femur of a child. 





Fic. 14 
Head, neck and greater trochanter from above. 


Robinson (1952) stated that “‘ from the mechanical standpoint the crystals give bone 
rigidity by resisting compression forces. In their absence, as in rickets, the bone tends to 
deform. The cement substance appears to be a gel-like buffer between the crystals allowing 
small plastic deformations. The extent of motion of crystal on crystal would depend on the 
surface tensions between crystals and cement substance, the state of polymerisation of the 
cement substance, its water content, and finally, the relative amount of cement substance. 
Young bone with more organic matrix of a higher water content and a lower collagen content 
than that of old bone is more flexible. The collagen fibres are concerned to act as tension 
members limiting the excursions of crystal on crystal. In view of the known elastic properties 
of these fibres they would cause return of the bone to its original shape after small deformations. 
Together the collagen fibres and cement substance resist shearing forces . . . If the buffer of 
plastic cement substance between the crystals is not adequate for a series of back and forth 
excursions of crystal on crystal throughout the whole bone the bending forces will build up to 
a nodal point and in time fatigue will occur at that point causing a ‘ fatigue ’ fracture.” 
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McLean and Urist (1955) pointed out that in the living animal the structure of bone is 
plastic rather than rigid. The organic matrix and the intercellular fluid are also in the spaces 
between the crystals; the collagen fibres act as reinforcing strands in the loosely assembled 
intercrystalline portion of the structure. Ruth (1947) described osseous tissue as being made 
up of fibrillae masked by a granular interfibrillar substance. MacConaill (1951) in a paper 
on the mechanical structure of articular cartilage spoke of a Law of Collagenisation “As iron 
filings are to a magnetic field so are collagen fibres to a tension field.””, Glucksmann (1942) 
found that increasing the normal tension of periosteum in vitro increased bone formation and 
reduction of tension diminished ossification. 

It seems, therefore, that bone is made up of strands of collagenous fibres embedded in 
a homogeneous matrix and surrounded by a great number of plate-like crystals composed 

* of inorganic salts and united by a cementing 

B! A substance. In adult cortical bone the crystal- 

encrusted fibres are disposed around the blood 

' vessels of the Haversian canals forming a 

series of lamellae. In each lamella the fibres 
A run in a definite direction which differs from 

ae oe sae Tai that in adjacent lamellae. In loose spongy 
6 bone the fibres form bundles which together 
make up the trabecular structure, but in denser 

; cancellous bone osteone formation occurs 
| between the lamellae (Lacroix 1951). Pressure 
B} A exerted on the bone will act along the trabeculae 
I 
| 











and Haversian lamellae and will be resisted by 
a “ packing together” of the crystals. When 
Fic. 16 the deforming force is removed the elasticity of 
Diagram to show the reciprocal and alternating the bone as a whole will tend to convert the 
action of pressure and tension of the body of a : ; ‘ ; 
vertebra. A=pressure. B=tension (recoil). compression forces into tensile forces acting 
through the collagenous fibres and tending to 
separate the crystals within their matrix of cementing substance. The arrangement of the 
fibres in adjacent lamellae may depend upon whether bone deposition occurred during a 
predominantly “ pressure’’ phase or during a predominantly “ tensile’ phase. The elasticity 
of the bone as a whole will depend upon such factors as the fluid content of the collagenous 
fibres, the vascularity of the bone and the recoil of the cartilage covering the articular surfaces. 
Carey (1929) mentioned the pressure of differential growth produced “ by the centrifugal 
expansion of confined and accelerated growing groups of vascularised cells restricted to a 
small volume by a limiting membrane which is relatively retarded in growth ” (periosteum). 
Keith (1919) pointed out that, for bone to respond to changes in the stresses acting on 
it, the osteoblasts must be sensitive to variations in pressure and tension. It is difficult 
to understand how this sensitivity can be stimulated. Osteoblasts form an epithelial covering 
for bony surfaces and are connected to one another by protoplasmic processes, and are 
probably involved in the slight movements of deformation and recoil described by Robinson. 
It is now believed that they produce the collagenous matrix as well as playing a part 
in the process of inorganic impregnation. Greig’s (1931) theory that mechanical stressing 
produces miniature fractures, which may involve the crystals or the cement substance, requires 
further investigation. 
It is also worth considering the conditions under which bone is deposited and resorbed. 
In cases of muscular atrophy, in amputation stumps, and in senility, bone resorption progresses 
at the expense of deposition. Under conditions of normal functional activity this process of 
resorption is held in check. Osteoblastic activity in response to function is, under normal 
conditions, greater than osteoclastic activity. It is also interesting that when the direction of 
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growth of a bone is in opposition to the direction of the principal compressing forces, the 
mechanism of the epiphysial plate replaces that of subperiosteal deposition. 


CONTINUOUS AND INTERMITTENT PRESSURE 

Under conditions of normal activity pressure and tension are both reciprocal and 
intermittent. Perhaps the most interesting cases in which pressure is exerted in a truly 
continuous manner on bone is in the growth of an intra-osseous cyst or tumour and in the 
eruption of a tooth, or when a tooth is moved by an orthodontic appliance. As tooth eruption 
is a normal physiological process, a consideration of the details of the process is of some 
interest. The crown of a permanent molar is surrounded by bone as it lies in its crypt. It is 
more intimately surrounded by a vascular follicle; whereas the enamel surface is covered by 
a layer of epithelium (the reduced enamel epithelium). The latter protects the enamel from 
the eroding action of the follicle. As the tooth erupts in consequence of the growth of its 
pulp the overlying bone is absorbed. The pressure of the erupting tooth is continuous in the 
sense that the vascular follicle is either in a state of activity between the moving tooth and 
alveolar bone or is in a state of rest. During periods of rest there may occur a limited amount 
of redeposition of bone. The activity of the follicular tissue, which is essentially that of a 
proliferating vascular tissue, is, however, quite different from the alternating pressure and 
tension stresses set up in a whole bone by the functional activities associated with the support 
of body weight or the activity of muscles, and acting on the bony tissue through a protective 
non-vascular tissue, the articular cartilage. The formation of new bone in relation to the 
repair of fractures or traumatic subperiosteal haemorrhages also throws little direct light on 
the processes involved in maintaining the trabecular structure of normal bone, as the formation 
of a trabecular pattern only develops when the repair process is complete and the bone is 
again a functional unit. Krompecher (1937) and Yamagishi and Yoshimura (1955), however, 
found that when moderate tension was applied to a healing fracture intramembranous bone 
formation occurred as distinct from the typical cartilage production associated with 
compression between the fragments, and it is possible that this feature of gross tension bears 
some relationship to the small scale tensions set up in the trabecular fibres during the action 
of functional stresses on normal bone. 

In conclusion, one must emphasise the concept that each bone is in itself a unified organ 
enclosed within a capsule, the periosteum; consisting of a certain number of cells with a 
special function, the deposition and resorption of bone substance; containing a vascular tissue 
and the bone marrow; and being made up of an organic framework of collagenous fibres. 
The fibrous periosteum and the collagenous matrix of the bone substance and of the articular 
cartilages, form a unified complex fibrous tissue whose form is maintained under stress by 
the process of inorganic impregnation. Stress produces deformation of the bone as a whole; 
when the stress is removed, or changes the direction of its action, the elastic recoil of the 
bone tends always to restore it to its “* resting form.” This process of elastic recoil involves 
the whole bone and is probably the principal factor that determines the structural pattern of 
the lamellae, osteones and trabeculae. 

SUMMARY 

1. Bones consist essentially of bundles of collagenous fibres united by a cementing substance 
in which the inorganic material lies in the form of minute plate-like crystals. 

2. During weight bearing and muscle action bones as a whole are deformed to a variable 
extent. Periods of deformation are followed by periods of relaxed pressure during which 
the bones tend to return to their normal form. 

3. These variations in deformation and elastic recoil set up alternating pressures and tensions 
within the bones along the bone cyrstal encrusted fibres which make up the trabeculae, 
lamellae and Haversian systems, and these alternating phases of compression and tension 
stimulate the activity of osteoblasts so that bone formation predominates over bone resorption. 
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4. These alterations of pressure and tension are intermittent and reciprocal in nature and 
do not, as postulated by the trajectorial theory, involve different trabeculae, nor is it necessary 
to consider whether tension or pressure is the more important phase in determining bone 
deposition. 

5. The pressure exerted by cysts, tumours, erupting teeth, etc., is of a quite different nature, 
as is the response to trauma or callus formation in the healing of fractures. These processes 
are essentially vascular phenomena involving localised areas of bony tissue and not bones 
as mechanical units. 
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LOAD DISTRIBUTION IN A MODEL OF A HIP JOINT 


H. FESSLER, NOTTINGHAM, ENGLAND 
From the Department of Mechanical Engineering, Nottingham University 


The distribution of load through bone and joints is of interest to anatomists and 
orthopaedic surgeons. The first study of this problem was published by Meyer (1867). In 
that paper it was shown that the arrangement of the trabeculae in the upper part of the femur 
was similar to the distribution of the stress trajectories in a curved cantilever, called a crane 
by Culmann, the engineer who calculated the stress trajectories. Wolff (1870) repeated 
Meyer’s work with several specimens and better bone section. The approximate correspondence 
between the networks of trabeculae and stress trajectories was the foundation of the theory 
of the functional structure of bones. 

Koch (1917) completely sectioned a femur and calculated the compressive, bending and 
shearing stresses that act on each section. He thus laboriously carried out, for the irregular 
shape of the actual femur, the same calculations that Culmann had made for a simplified 
shape, and confirmed the functional theory of bone structure. Thus it is now generally accepted 
that the final shape and intimate arrangement of the bone will depend on the nature of the 
forces acting on it. The analysis of these forces continues to be of importance in determining 
at least some of the factors that ultimately condition the behaviour of the bone and perhaps 
even its pathology (Trueta 1953, Harrison, Schajowicz and Trueta 1953, Trueta 1954). 

The terms “‘ femur” and “ pelvis ” will be used to describe the parts of the models as 
well as the actual bones. The photoelastic techniques which were employed in this study 
will be briefly described. Physical terms which may be unfamiliar to some readers are explained 
in an appendix at the end of the paper. 


THE PHOTOELASTIC METHOD 


Photoelasticity (Jessop and Harris 1949) is based on the double refracting properties of 
certain plastics. If a model is cut from a flat plate of such a material and forces are applied 
to it in the plane of the plate, two types of optical interference patterns may be observed 
when the model is examined in polarised light. 

With plane polarised light no light is transmitted through parts of the model where the 
directions of the principal stresses are parallel to the direction of polarisation. By successive 
variation of the direction of polarisation it is therefore possible to plot the isoclinics (lines of 
equal inclination of principal stresses) for a number of directions. The lines of action of the 
principal stresses, called “* stress trajectories,” are derived from the isoclinics. 

The maximum shear stress (or difference of principal stresses) at any point in the model 
is proportional to the relative retardation of the two component rays of polarised light that 
pass through the point. When the relative retardations are equal to an integral number of 
wave lengths of the light used, no light is transmitted. It follows that, in monochromatic 
light, lines of constant shear stress appear as dark bands, called “ fringes.” When the 
calibration constant of the material is known, the stresses may be determined from the fringe 
orders and isoclinics at the required point. Fringes are drawn in Figure 3 and the numbers 
indicate their order; thus the maximum shear stress near line 6 is six times that in the vicinity 
of line 1, and the regions beyond the line 0 are almost stress free. 


EXPERIMENTAL TECHNIQUES 
Because this type of photoelastic analysis is limited to flat plates, the frontal plane, which 
contains the highest point of the head of the femur, was investigated. It was assumed that 
this plane would contain the point of maximum pressure. 
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Plaster casts of the relevant parts of a normal pelvis and femur were set up in the normal, 
upright position and cut along the required plane. Photoelastic models a quarter of an inch 
thick were made identical to these sections. The material used was Araldite Casting Resin B, 
an ethoxylene resin (Spooner and McConnell 1953). The chain-dotted lines in Figure 1 show 
the shape of the bones and the full lines indicate the shape of the models. Near the neck 
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Models of bones and definition of positions of bones and 

inclination of thrust. The thick line on the acetabular roof 

shows the movement of the point of maximal thrust caused 

by inclinations of - pelvis from a=-+20 degrees to 
20 degrees. 


of the femur the shape of the model was a compromise between the actual section considered 
and the strongest section of the bone. The lugs and holes were necessary for the application 
of the test loads. 

The space between the bones was a quarter of an inch and this space between the models 
had to be filled by an equivalent to cartilage. Strips of rubber were used for this purpose. 

A lever type straining frame was constructed in such a way that the “ pelvis”’ was 
constrained to move vertically (without tilting) under the action of a vertical force, while 
the ** femur ”’ was clamped to a fixed part of the frame. The load could be arranged to act 
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through the centre of the head of the femur or could be displaced inwards or outwards from 
that position. Both “ bones ” could be clamped in their normal or inclined positions. This 
apparatus is shown in Figure 2 mounted across the polariscope. 

Weights placed in the scale pan of the straining frame (not shown in Figure 2) caused a 
compressive force to be transmitted from the pelvis through the rubber packing to the 
femoral head. The resulting fringe and isoclinic patterns could be observed by viewing through 
the analyser seen at the right of Figure 2. Records were taken by projecting and tracing the 








Fic. 2 
View of apparatus. 


resulting patterns, which were enlarged to twice natural size. A typical fringe pattern is 
shown in Figure 3. The lines are loci of constant maximum shear stress. Figure 4 is a photograph 
of the fringe pattern (for a smaller load than used for Figure 3). 

The prime objective of this investigation was to study the load distribution on the 
acetabular roof—that is, to determine the compressive stress perpendicular to that surface. 
This compressive stress can be obtained only by a cumbersome process of graphical integration, 
based on the fringe and isoclinic patterns. This integration was carried out for the normal 
position, when the load acted through the centre of the femoral head, and it was found that 
the position of the maximum compressive stress coincided with the position of maximum 
shear stress (or maximum fringe order). Because all the fringe patterns were very similar it 
was assumed that this coincidence was general. 

The numerical value of the stress at any point in the model is of little interest because 
the model consists of flat plates which carry the whole load, whereas the central section of 
the actual spherical joint carries only an unknown fraction of the load. Therefore the results 
cannot be directly related to the pressure on the bone surface. However, it seems a reasonable 
assumption that the position of the peak stress on the sphere will coincide with that on the 
central frontal section which was studied. 
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The position of the peak stress for different conditions was therefore determined by 
plotting the fringe order at the edge of the pelvis. Because both surfaces are spherical it is 
convenient to express position by the angle between the vertical and the normal to the surface. 
These normals are radial lines from the centre of the femoral head. A typical graph, as 
derived from Figure 3, is shown in Figure 5. 





Fic. 3 


Typical fringe pattern. The lines are loci of 
constant maximal shear stress and the numbers 
indicate the relative magnitude of this stress. 


RESULTS 


In the first series of tests both bones were maintained in their normal positions and the 
vertical line of action of the applied force or load was displaced horizontally relative to the 
bones. It was found that the fringe distribution on the acetabular roof was unaffected by 
this variation and that the maximum thrust always occurred through the highest point of the 
femoral head. The load was arranged to act through the centre for all further tests. 

In the second series the femur was inclined while the pelvis remained in the normal 
position. It appears from Figure 5 that inward inclination of the femur has little effect on 
the load distribution on the acetabular roof. The inclinations are as defined in Figure 1. 

In the third series the femur was maintained in its normal position while the pelvis was 
tilted. It is seen from Figure 7 that when the inward inclination of the pelvis exceeds 5 degrees 
an “inward” movement of the point of maximum pressure occurs. It was assumed that 
the resultant force on the joint acted along the line through this point and the centre of the 
femoral head. This was justified because all the fringe order graphs were approximately 
symmetrical about the peak value. It follows from this assumption that an “ inward ” 
movement of the point of maximum thrust indicates a resultant inward thrust on the pelvis. 
The reaction to this force is an outward force on the femur—that is, a force tending to push 
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the head of the femur out of the socket. This outward force is conveniently represented as a 
fraction of the vertical force on the joint, i.e., by the trigonometric ratio “tan 8,” where £ is 
the angle of inclination (relative to the vertical) of the maximum thrust. This quantity is 
plotted in Figure 8 for inclination of the pelvis (femur fixed in normal position * =0) and 
for equal inclinations on both bones. It is seen that the clinically important outward force 
is not significantly increased by the rotation of the femur. 





Fic. 4 
Photograph of fringe pattern. 


Figure 9, which is also derived from Figure 7, shows the movement of the point of 
maximum thrust on the acetabular roof. This is indicated by a thick line in Figure 1. It is 
to be noted that outward tilting of the pelvis causes only slight inward movement of the 
thrust. Inward inclination of 15 degrees or more of the pelvis causes the point of maximum 
pressure to move 8 degrees outwards. This represents a movement of 4 millimetres or 37 per 
cent of the distance from the normal, vertical, point of maximum thrust to the outer edge 
of the acetabulum, an appreciable disturbance. 

The stress trajectories, or lines along which the stresses act, were derived from the isoclinic 
pattern and are shown for the normal position in Figure 10. It must be emphasised that 
these lines indicate directions only of the principal stresses and are independent of their 
magnitude. Their arrangement agrees with that calculated for an actual femur by Koch (1917). 
The similarity of the pattern of trabeculae to Figure 10 is taken to justify the use of 
photoelastic models in the study of bone problems. The agreement between Figure 10 and 
Koch’s pattern also shows that the assumptions of elementary strength of materials, on which 
Koch’s calculations are based, do not introduce any appreciable errors in this case. 


APPLICABILITY OF RESULTS 
The load distribution on the joint is a function of the physical properties of the components 
as well as their geometry. When homogeneous, isotropic bodies are in contact, the load 
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Distribution of shear stress on acetabular roof, obtained from 
the fringe pattern of Figure 3. 
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Effect of inclination of femur; 8 and ® are measured from the 
vertical direction. 
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Effect of inclination of pelvis; «and # are measured 
from the vertical direction. 


Lateral force due to inclination. The inclinations of 

the bones are measured from the vertical. O represent 

tilting of pelvis only but X represent simultaneous 
tilting of pelvis and femur. 
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distribution depends on their elastic moduli (stress/strain) and their values of Poisson’s 
ratio (strain perpendicular to direction of loading/strain in the direction of loading). The 
effect of the latter is usually small. As neither bone nor cartilage is a homogeneous 
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Movement of point of maximal thrust on 
acetabular roof; « is measured from the vertical, 
but (f—«) is measured from the (normal) apex of 
the acetabulum. 
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Stress trajectories. The lines indicate the 

directions only of the principal stresses, 

compression along the vertical lines and low 
stresses along the horizontal lines. 


isotropic substance the only significant fact is that the latter is much softer than the former. 
Values of elastic moduli have been reported (Jakobsson 1954) as 200,000 kilograms/square 
centimetre for bone and 100 kilograms/square centimetre for cartilage. These average values 
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indicate that, under the same load, the compressive strain of the cartilage is 2,000 times 
that of the bone; this indicates that the bones do not change in shape under normal loading. 

The elastic modulus of Araldite Casting Resin B, the ethoxylene resin used as the model 
material, is 530,000 1b./square inch (about 37,000 kilograms/square centimetre). It was not 
possible to reproduce the ratio of the elastic moduli of the actual joint because the packing 
which represented the cartilage would have been so soft that it would have been squeezed out 
of joint. The real cartilage is in the form of a curved sheet and therefore less liable to be 
squeezed out. Strips of rubber of modulus 6,500 lb./square inch (about 460 kilograms /square 
centimetre) were used. The ratio of the elastic moduli was therefore only 81, but it was 
considered that errors due to this would be small compared with those due to lack of 
homogeneity and isotropy of the bones and cartilage. 


CONCLUSIONS 


Because of the above limitations and the fact that only one section of the joint was 
considered, the results are not directly applicable to actual bones, but they suggest the 
following conclusions. 

1. Greater changes in the load distribution on the acetabulum are caused by inclination 
of the pelvis than by movement of the femur. 

2. Inward inclination of the pelvis tends to force the femoral head out of its socket and moves 
the maximal thrust towards the outer edge of the acetabulum. 

3. The load distribution on the joint is not significantly changed if the line of action of the 
load is moved relative to the joint. 

4. The arrangement of the stress trajectories in the photoelastic model is similar to that of 
the trabeculae in the actual bone. 

5. If certain assumptions are made, photoelastic tests may provide information about the 
stress distribution in bones as well as in joints. 


SUMMARY 


Photoelastic techniques were used to study the stresses in models which represented the 
central frontal plane of a normal hip joint. The pelvis and the femur were inclined and the 
direction of the resultant thrust on the joint was estimated. Inward tilting of the pelvis causes 
a force which tends to push the head of the femur out of joint. 

The load distribution on the joint is not significantly changed if the line of action of 
the load is moved relative to the joint. The directions of the lines of principal stress in both 
bones are shown. 


Mr J. P. Campbell, F.R.C.S., initiated this investigation and supplied the plaster casts of the bones. The 
author would also like to thank Professor J. Trueta for his interest and helpful suggestions. Professor J. A. 
Pope, Head of the Departments of Civil and Mechanical Engineering at Nottingham University, provided 
all necessary facilities for this work. Dr J. H. Fessler, M.A., made many suggestions on how the subject 
matter could best be presented to medical readers. 


APPENDIX 
Explanation of optical terms—Plane polarised light consists of light waves that vibrate in one plane 
only. This is obtained by passing ordinary light through an optical filter or polariser, usually a sheet 
of Polaroid. The direction of polarisation is perpendicular to the plane of polarisation. At any 
particular point in the model light waves are only transmitted in two mutually perpendicular 
directions. These directions are directions of the principal stresses (see later) at that point. The two 
mutually perpendicular waves travel through the model at different velocities so that a relative 
retardation exists between them after passage through the model. When this relative retardation is 
equal to an integral number of wave lengths (e.g., 0, 1, 2, etc.) no light is transmitted through a second 
polariser, if the axis of the latter is perpendicular to the first polariser. If no light is transmitted, the 
particular point will form part of a dark region called a fringe. There is one fringe for each wave length 
of relative retardation and the number of wave lengths is called the fringe order. 
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Explanation of mechanical terms—The intensity of a force is called a stress; it is equal to the magnitude 
of the force, divided by the area on which it acts. Corresponding to the different forces, one must 
distinguish tensile, compressive and shear stresses. If the direction of a force is inclined to the plane 
(or section) in the body which is being considered, it will cause a direct stress (tensile or compressive) 
and a shear stress on that plane. If the plane is perpendicular to the direction of the (tensile or 
compressive) force there will be no shear stress and the direct stress is called a principal stress. At every 
point in a body there are three such mutually perpendicular planes, and the directions at right angles 
to them are called the directions of principal stresses. On pianes inclined at 45 degrees to the planes 
of principal stress the direct stress is zero and the shear stress has its greatest value. This is called the 
maximum shear stress. It is equal to half the difference of the principal stresses and it has been found 
that the fringe order is proportional to this quantity. 

When a tensile force acts on a body it elongates it. The elongation divided by the original length 
is called the direct strain. This elongation in the direction of the force is always associated with a 
contraction perpendicular to the direction of the force, called lateral strain. The lateral strain divided 
by the direct strain is called Poisson’s ratio, one of the fundamental properties of an isotropic material, 
which is unchanged if the force (and the resultant strains) is reversed. 

The physical quantity used to describe how much a body elongates under the action of a tensile 
force (or compresses due to a compressive force) is the modulus of elasticity or Young’s modulus. 
It is the stress divided by the strain and may be imagined to be the stress which would be necessary 
to cause elongation equal to the original length if the body did not break, but continued to extend 
in the same manner as under moderate stresses. 

These explanations are as brief and as simple as possible. Fuller explanations and rigorous 
definitions may be found in any standard text-book of photoelasticity and strength of materials. 
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IN MEMORIAM 





ALEXANDER GIBSON 
1883-1956 


Alexander Gibson of Winnipeg, the Nestor of orthopaedic surgery in Canada, died 
suddenly in his consulting room on March 29, 1956. He was in his seventy-third year and 
still in the full flight of his great career. To the moment of his death he seemed in good 
health and his mental powers were unabated. The day before his death he addressed the 
Post-Graduate Course at St Boniface Hospital on ** The Painful Hip,” a problem of life-long 
interest to him, to the treatment of which he had made several contributions. 

The University of Edinburgh has contributed much to the advancement of knowledge 
in medicine throughout the whole world. She has done this not only by the development of 
new knowledge, but also by sending forth a constant stream of her alumni to infuse the 
Edinburgh tradition into the farthest corners of the globe. 

No greater ambassador of Edinburgh ever left his Alma Mater than Alexander Gibson, 
and none of her scholars can have been more successful than he in leaving the imprint of his 
personality and of his training upon the environment to which he translated himself. He 
became a great professor in the Faculty of Medicine of the University of Manitoba. He also 
attracted to Winnipeg his classmates John C. Boileau Grant and William Boyd, who in turn 
justified his choice by the high distinction of their own careers. 

He was a brilliant student. When he graduated from Edinburgh in 1908, M.A., M.B., 
Ch.B., he was the first student of his year. He was awarded the Ettles Scholarship in general 
proficiency and the Buchanan Scholarship in gynaecology. Previously, in graduating in Arts, 
he had been awarded the Vans Dunlop Scholarship in classics. He had also been awarded 
a Vans Dunlop Scholarship in mathematics, though he was debarred from holding it 
concurrently with his scholarship in classics. He had an immense capacity for absorbing 
quickly what he read and an encyclopaedic memory in which he stored what he read or learned. 
He retained these qualities to the end of his life so that he was a fount of knowledge to his 
colleagues and students. 

After his Edinburgh graduation he was house physician to Sir Thomas Fraser at the 
Royal Infirmary, after which he held resident surgical appointments in England. He then 


154 THE JOURNAL OF BONE AND JOINT SURGERY 











ona & 


ro oO 








IN MEMORIAM 155 


returned to Edinburgh as Demonstrator of Anatomy, a post which he held for two years. 
He obtained the English Fellowship in 1913 at a time when he was Superintendent of the 
Seamen’s Hospital at Greenwich. 

In 1913 he was offered and accepted the Chair of Anatomy in the Medical School of the 
University of Manitoba at Winnipeg. This was the important turning point in his career, for 
from then on he was identified with the teaching of surgery in Western Canada, first as the 
Professor of Anatomy and later as a pioneer and leading practitioner of orthopaedic surgery. 

The outbreak of war drew him back to Great Britain. In 1915 he obtained leave from 
the University of Manitoba and returned to England where he joined the R.A.M.C. He was 
sent to India. In Bombay he suffered a prolonged and nearly fatal attack of dysentery. He 
was invalided home. He stopped off in Egypt and worked in the hospital at Alexandria for 
some time before finally reaching England. He was then sent to Salonika with a party of 
engineers. The italian transport on which they sailed from Brindisi was torpedoed. He and 
two companions managed to cling to a piece of wreckage until they were picked up by a 
minesweeper, barely in time. In England he then did war surgery in Aldershot. 

In 1917 the University of Manitoba requested his return to strengthen their greatly 
depleted faculty. He resumed his work as Professor of Anatomy and at the same time worked 
as surgeon in the Military Hospital at Tuxedo Park. 

In 1918, in order that he might be free to practise orthopaedic surgery he persuaded 
his University to invite J. C. B. Grant to succeed him as Professor of Anatomy. From 1918 
until the day of his death he taught and practised orthopaedic surgery in Winnipeg. He 
also taught applied anatomy in the Department of Anatomy. Generations of admiring 
students recall his precise exposition of anatomy as applied to the practice of medicine 
and surgery. His background of training in anatomy influenced his career in orthopaedic 
surgery. His operations were carefully planned and precisely performed: models of careful, 
skilful, atraumatic handling of body tissues. Many of his contributions to orthopaedic 
literature were the outcome of his anatomical background and training. 

He read widely, not only in medical literature but in other fields as well. In consequence 
his presentations were models of conciseness based upon a full knowledge of all that had ever 
been written upon the subject and illuminated by his own experience. He contributed original 
papers. He was the first to advocate the self-locking and self-retaining spinal bone graft now 
widely used under the designation of H-graft. He called it the fish-tail graft and obtained 
the graft from the upper end of the tibia rather than from the wing of the ilium, but the 
original principle was his concept. He was the first to record the fact that the semilunar 
cartilage of the knee could regenerate. His postero-lateral approach to the hip joint, based 
upon a sound knowledge of anatomy, has proved a valuable technique for the management 
of hip problems. He disclaimed originality for this operation on the ground that Kocher had 
previously used a lateral approach. The fact is that he refined and improved Kocher’s approach, 
making of it an approach through intermuscular planes which made the operation nearly 
bloodless. More important, he popularised the technique by demonstration and by convincing 
advocacy of it in orthopaedic literature. He possessed considerable skill in drawing, and 
many of his papers and lectures were illustrated by himself. In the recent war he was, for a 
time, in charge of the Canadian Red Cross Orthopaedic Hospital at Hairmyres in Scotland. 

His qualities of integrity and sincerity, his capacity for clear thinking and convincing 
speech, his great fund of knowledge accumulated by study and experience, and his strong 
sense of duty made him a great citizen as well as a great surgeon. Canada is the better for 
this son of Scotland who came to us in his youth and with his great and strong character 
helped to develop a young country. We mourn his loss. The memory of him will live long 
in our hearts and we shall cherish with pride the friendship we shared. 

His devoted wife and comrade, Helen Gibson, survives him. R. I. H. 

W. B. Mack. 
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GREAT BRITAIN 


UNIVERSITY OF LIVERPOOL 
DEGREE OF M.Ch.(Orth.) 1956 


Seven candidates were successful in gaining this degree. They were: R. M. Bhansali (Bombay, 
India); J. C. N. Joshipura (Bombay, India); A. H. McKenzie (Alberta, Canada); R. B. J. Peiris 
(Colombo, Ceylon); A. E. Pritchard (Liverpool, England); S. K. Roy (Patna, India); and W. A. L. 
Thompson (Liverpool, England). The external examiners were Sir Harry Platt of Manchester and 
Mr J. M. Edelstein of Johannesburg, South Africa. The internal examiners were Professor Bryan 
McFarland, Mr Norman Roberts and Mr Eric Wardle. 


UNIVERSITY OF OXFORD 
NUFFIELD ORTHOPAEDIC CENTRE 


Lectures delivered during the Hilary Term included: ‘** Avascular necrosis of the femoral head: 
a clinical and experimental study,” by Mr T. J. Claffey; and ‘* Biomechanical problems in the 
reconstruction of the femur,” by Mr J. M. Zarek. 

The two remaining lectures in this series are on “‘ Some surgical aspects of the rheumatoid 
hand,” by Mr O. J. Vaughan-Jackson (February 28 at 8.30 p.m.); and ‘* Volkmann’s contracture: 
second thoughts,” by Mr D. LI. Griffiths (March 14 at 8.30 p.m.). 


SCIENTIFIC SOCIETIES AND REGIONAL ORTHOPAEDIC CLUBS 
SOUTH-EAST METROPOLITAN REGION ORTHOPAEDIC CLUB 


A meeting was held at Lewisham General Hospital on November 10, 1956, at which a large 
selection of cases was demonstrated by Mr A. C. Bingold and Mr W. G. France. 


Osteochondritis dissecans—Mr Bingold showed two patients with osteochondritis dissecans of the 
knee upon whom he had operated recently. In one case iliac chips were held in position with a plug 
of fibrin foam; in the other, thrombin and fibrinogen were used to fix iliac chips and a cartilage 
graft. Both patients said that their knees felt normal. Mr Bingold illustrated his description of the 
operation with coloured slides. Discussion centred round the various operative procedures for this 
condition, and more than one member reported favourably upon results of operations carried out 
by Smillie’s methods. 


Congenital dislocation of hip—Mr France showed a series of children with congenital dislocation of 
the hip presenting problems in treatment. Mr Bingold was congratulated particularly on the outcome 
of a Colonna operation performed on one such patient. 


Bone tumours—Mr Bingold and Mr France showed a series of bone tumours treated by excision and 
replacement by internal prostheses. 


Pectoral transplant—Mr France discussed Clark’s pectoral transplant for paralysis of the biceps 
brachii. This operation found wide support at the meeting. Several members emphasised the need 
for great caution before deciding upon arthrodesis of the shoulder in paralytic lesions of the 
upper limb. 


Central-dislocation operation for osteoarthritis of hip—Mr France demonstrated a series of patients 
subjected to Charnley’s operation for osteoarthritis of the hip. Very few of these had resulted in 
fusion of the joint, but pain had been relieved in each case. Mr S. A. Jenkins maintained that the 
use of large quantities of cancellous bone chips helped greatly in securing arthrodesis. Mr O. J. 
Vaughan-Jackson had found Charnley’s operation useful but reported cases of apparent subsequent 
fractures of the femoral neck which he was inclined to regard as pseudo-fractures resulting from 
damage to the blood supply during the operation. 
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SOUTH-WEST ORTHOPAEDIC CLUB 


The autumn meeting of the South-West Orthopaedic Club was held at Winford Orthopaedic 
Hospital on November 17, 1956. The Chairman was Mr K. H. Pridie. 


Stainless steel staple fixation for arthrodesis—Mr K. H. Pridie showed patients in whom this method 
had been used to maintain fixation for arthrodesis of the knee and the metatarso-phalangeal joint of 
the big toe. As many as six staples had been employed at the knee when the bone was soft. No plaster 
fixation had been used. 


Cartilage grafts in osteochondritis dissecans of the knee—Mr Pridie showed three patients with normal 
function in the knee and a nearly normal radiograph after an operation for removal of the 
osteochondritic area. The defect had been filled with cancellous bone taken from the upper end of 
the tibia and the cartilage graft had been taken from the opposite femoral condyle and superimposed. 
After the operation plaster fixation was necessary for three months. The longest follow-up was 
three years. 


Osteosclerosis of the tibia simulating osteoid osteoma—Mr Pridie showed a patient in whom a zone 
of sclerosis occurred around a small piece of steel which had been chipped off an osteotome during 
removal of part of the tibia for a spine grafting operation. The patient had pain for four years before 
relief was obtained by resection of the area containing the foreign body. 


Late results of arthroplasty of the elbow—Mr A. L. Eyre-Brook showed five patients. The operation 
had been performed for tuberculosis (once), injury (twice), osteoarthritis (once) and rheumatoid 
arthritis (once). Two patients were able to do heavy work. In three cases in which fascia had been 
interposed between the bone ends, the results were not so satisfactory as those in which it had been 
avoided, and the elbows were less stable. Mr Eyre-Brook said that he always preferred to fashion 
the bone ends because the arthroplasty gained greater stability thereby. He doubted whether 
arthrodesis of the elbow should be advised in view of the satisfactory functional result that an 
arthroplasty could give. 

Congenital deformities—Mr Eyre-Brook showed a boy of fourteen with congenital fusion of the 
greater multangular and navicular bones of the carpus of both wrists. There was also absence of the 
muscles of the thenar eminences. He had no serious functional disability. Mr D. M. Jones showed 
two children with congenital absence of the radius. In one the upper part of the fibula including the 
epiphysis had been grafted into the ulna. Eleven months later the epiphysis of the fibula remained 
open and appeared to be growing, but the growth of the transplanted fibula was not keeping pace 
with the ulna, and the deformity was tending to increase again. Mr Jones also showed a child with 
congenital varus deformity of the tibia which had been treated successfully by osteotomy-osteoclasis. 


Arthrodesis of the hip—Mr M. P. McCormack showed two patients with arthrodesis of the hip carried 
out by the Pyrford method of nail fixation with subtrochanteric osteotomy. This had been performed 
in one after failure of operative treatment for slipped epiphysis. Mr McCormack had used the method 
on nine occasions with success and preferred it to other methods of arthrodesis. 


Complete tetraplegia—Mr Keith Lucas described the case of a young seaman of thirty who suffered 
tetraplegia after a fracture-dislocation of the neck at C.4—5. There had been no neurological recovery 
but the patient was now able to sit up in a chair. He could now paint by holding a brush in his mouth. 
With skilled nursing, bedsores had been avoided. 


Tenosynovitis of the flexor tendons of the hand—Mr N. Alms showed two cases of tenosynovitis of 
the flexor sheaths of the hand with pain in the fingers which had been cured by injection of a mixture 
of Xylocaine and hydrocortisone. He said that it was not unusual to find pain and dysfunction in 
the fingers in association with tenosynovitis and this was frequently confused with * rheumatism” 
and median neuritis. Pain was always reproduced by pressure on the tendon sheath over the metacarpal 
head where a lump could often be felt. The injection was made into this area. He had treated nine 
patients in this manner with relief in all cases. 


The afternoon session consisted of short papers. 


Primary osteogenic tumours of the skeleton—Dr C. H. G. Price, Research Fellow in Pathology, 
University of Bristol, and Secretary of the Bristol Bone Tumour Registry, described the characteristics 
of osteochondroma and osteogenic sarcoma and analysed the cases that had been encountered in 
the Bone Tumour Registry at Bristol since its formation. These tumours had many features in common. 
The paper had been read in greater detail at the March 1956 meeting of the Bone and Tooth Society 
in London. 


Pain of cervical origin—Mr D. M. Jones said that there were unrecognised clinical types of cervical 
disc lesions due to sensitivity of the discs, which he believed could give rise to pain and discomfort 
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at the back of the throat with throttling sensations or the sensation of a lump in the throat or dysphagia. 
Conditions diagnosed as globus hystericus, or functional disturbance, might in fact be due to this 
cause, particularly in young people with no clinical signs or radiographic changes. 

In discussing root pain, he said that pain was sometimes referred to a single muscle with tenderness 

in it which was a common complaint in the region of the shoulder and elbow. The sensory root 
stimulation gave rise to disturbance and shooting pains more peripheral in their distribution. Because 
of the relatively increased fixation in the foramina of the vertebrae, the nerve roots of old persons 
were more vulnerable to indirect violence, and they were often injured by jerks of the neck, 
blows on the shoulder or tugs on the outstretched arm. The resulting scarring could lead to intractable 
root pain in the absence of radiographic changes. A detailed history was important in such cases. 
He believed that not infrequently the painful and stiff shoulder and even tennis elbow might have a 
cervical origin. 
Slipped femoral epiphysis—Mr D. R. Richard reviewed the traceable cases of slipped femoral epiphysis 
that had occurred in the Bristol area during the last fifteen years in thirty patients with thirty-seven 
affected hip joints. The longest follow-up was fifteen years, the average was five years. There were 
eleven acute cases. These were treated either by manipulation and internal fixation or by cervical 
wedge osteotomy. Four had good results, seven had aseptic necrosis. Heavy preliminary traction 
had been carried out before operation, without benefit. There were twenty patients with chronic 
epiphysiolysis, six of whom had bilateral slipping. The average length of history was seven months. Ten 
epiphyses were pinned in situ, all with excellent results. One was reduced by manipulation and was 
pinned, but the femoral head had undergone aseptic necrosis. In the cases with more severe 
displacement, seven cervical wedge osteotomies gave four good and three bad results, and four 
subtrochanteric osteotomies gave good results. 


Discussion on amputation in relation to severe compound fractures of the tibia—Mr Keith Lucas opened 
this discussion by stating that the severe case was a very difficult problem, particularly when there 
was skin loss requiring plastic surgery. Mr G. M. Fitzgibbon of the Plastic Surgery Unit at Frenchay, 
said that often the efforts to save a leg that had extensive skin, soft-tissue and bone loss went too 
far, and that in many instances a primary amputation would have been more satisfactory and would 
have saved the patient much pain and suffering and a considerable amount of time. Late amputation 
was frequently necessary, but it was delayed because it was increasingly difficult for the surgeon 
dealing with the case to make the decision to amputate as time went on. The patient was therefore 
subjected to many reconstructive measures, often with indifferent results. The decision for primary 
amputation was a difficult one and in fact often was one which men of senior registrar rank found 
difficult to make because of lack of experience, and therefore a course of unwise conservatism was 
frequently adopted from the commencement. The controlling factor was mainly one of infection, 
because non-union was inevitable if this became chronic, and then amputation would follow. In some 
cases trouble might be avoided if a skin transfer by means of a cross-leg flap was performed at the 
initial operation. An additional blood supply was gained thereby. Diabetes and calcified arteries 
were probably indications for primary amputation. Mr E. Mervyn Evans emphasised that the 
prevention of infection was dependent on immediate skin cover. Although many compound wounds 
could be sutured without excessive tension, nevertheless severe skin loss might necessitate a cross-leg 
flap. This was within the competence of most surgeons. The immediate transfer of a badly injured 
patient to a plastic unit from the periphery of the region was seldom possible. 


Early diagnosis and treatment of congenital dislocation of the hip—Mr G. Blundell Jones showed a 
film which had been lent to him by Professor M. Ortolani of Ferrara, Italy, demonstrating how it was 
possible to make the clinical diagnosis of dislocation in young infants by obtaining a “jerk by 
pressure on the knees with the legs in the flexed and abducted position after a manoeuvre of abduction 
in flexion. The jerk was caused by the head of the femur slipping over the posterior rim of the 
acetabulum. This jerk sign obviated the need for radiographic examination and in Italy was proving 
to be a tremendous boon in the early diagnosis in remote country clinics, where radiographic 
examination was not always possible. The film drew attention to the fact that in Italy congenital 
dislocation of the hip occurred more commonly during the winter months, a time when infants’ 
lower limbs were bandaged tightly in swaddling clothes. Infant Welfare Clinics are doing much to 
diminish the incidence of congenital dislocation of the hip by making the infants wear “* nappies ” 
sufficiently large to keep the hips abducted. 


Social events—The annual dinner was held in the evening in the Senior Common Room at Bristol 
University, and afterwards Mr Eyre-Brook gave a Lantern Lecture on his visit to the Fiji Islands, 
Gilbert Islands, Solomon Islands and New Guinea in June 1956. The lecture was profusely illustrated by 
coloured slides of a very high quality. Particularly interesting were those taken of a lepercolony which he 
visited. Mr Eyre-Brook discussed the social, cultural and medical problems as they impressed a visitor. 
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IRISH ORTHOPAEDIC CLUB 


The Autumn Meeting of the Irish Orthopaedic Club was held on November 17, 1956, at St 
Joseph’s Orthopaedic Hospital, Coole, Co. Westmeath. 

There was a large attendance of members, who were entertained to lunch and tea by the Matron, 
Sister Finbar. The Orthopaedic Surgeons in charge of the hospital, Mr W. De Wytt and Mr Cecil 
McDowell, had organised an interesting and entertaining programme. 

After preliminary discussion about the organisation of the orthopaedic service in that area, 
Mr De Wytt read a paper on his experiences of anterior inter-corporeal spinal fusion and showed 
some of his cases. This paper aroused considerable interest and gave rise to much discussion. 

Mr McDowell discussed his experiences of excision of the outer end of the clavicle for arthritis 
of the acromio-clavicular joint. 

An interesting paper on osteochondritis dissecans was given by Mr G. V. Osborne (Liverpool) 
who kindly attended the meeting as a guest. 

After lunch the members toured the hospital and saw the new theatre block. There then was a 
series of interesting and stimulating clinical demonstrations. 


SOUTH AFRICA 


SOUTH AFRICAN ORTHOPAEDIC ASSOCIATION 
FIFTH CONGRESS, 1956 


The Fifth Congress of the South African Orthopaedic Association was held in Durban from 
August 13-18, 1956. The meeting was presided over by Mr C. T. Moller, the president of the 
Association. Distinguished guests from outside South Africa included Sir Walter Mercer from 
Edinburgh, Dr Steele F. Stewart from Honolulu and Mr F. Dwyer from Liverpool. 

The meeting was a success from both an academic and social viewpoint, and was attended 
by thirty orthopaedic surgeons practising in South Africa and Rhodesia. A visit was made to the 
Umlazi Orthopaedic Tuberculosis Hospital, and members were entertained to a pleasant luncheon, 
and a tour of their factory, by the Cellona plaster-of-Paris company of Smith and Nephew. The 
annual dinner was marked by a tribute to Mr F. P. Fouché, the doyen of orthopaedic surgery in 
South Africa, who was presented with a silver salver bearing the facsimile signatures of all orthopaedic 
surgeons in our Association, in honour of his seventieth birthday. 


Osteochondritis dissecans—Mr R. Percy-Lancaster (East London) discussed the condition as it affects 
the ankle and the elbow joints. He showed radiographs of these affected joints before and after 
operative removal of the loose fragments. The question of treatment led to some discussion. 
Mr J. M. Edelstein (Johannesburg) mentioned the rarity of reported cases affecting the capitulum, 
and Sir Walter Mercer (Edinburgh) indicated that unseparated areas in children would re-unite if 
immobilised for six months. If the fragment was separated it should be removed. Mr B. Polonsky 
(Johannesburg) mentioned a case in which he had removed the affected head of the radius. 


Recurrent sprains of the ankle—Mr J. F. P. Mullins (Durban) dealt with the partial diastasis that 
occurs at the inferior tibio-fibular joint after a severe sprain of the ankle. These patients usually 
have a history of injury leading to recurrent sprains of the ankle. There is a sense of instability, 
with chronic pain after weight bearing, and the ankle tires easily. Radiographs usually show slight 
widening between the medial malleolus and the talus, and sometimes a positive inversion or eversion 
test. The most valuable sign is a click in the ankle which is elicited by rocking the talus from side 
to side with the ankle held in the neutral position. The degree of rocking indicates the degree of 
instability. Mr Mullins had operated on a large number of such ankles and had full details of twenty- 
five. Some patients had been followed up for six years, and all were relieved of their disability. 
The operation consisted of screwing the tibia and fibula together with a Johanssen lag-screw. The 
patient was kept in bed for two days and then allowed to walk. No plaster or compression bandage 
was necessary. The oldest patient treated was sixty-five, and he had had symptoms for twenty-five 
years. Mr Mullins had found that wiring of the bones or bony fusion of the inferior tibio-fibular 
joint was unsatisfactory. Mr T. B. McMurray (Cape Town) said that a good test of instability of this 
joint was to force dorsiflexion of the ankle, which invariably gave rise to pain because it caused 
the inferior tibio-fibular joint to spread apart. Professor C. Lewer-Allen (Cape Town) preferred to fuse 
the tibia to the fibula two inches above the ankle joint by cross-flapping osteo-periosteal grafts across 
the gap, after removing the fibrous material between the bones. Mr C. Kaplan (Durban) believed 
that, despite the normal movement that occurred at this joint, results seemed to indicate that this 
operation was sometimes necessary, but he would prefer to immobilise the ankle in plaster. 
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Treatment of flat feet in children—Mr A. J. Helfet (Cape Town) had treated 500 cases of flat feet in 
children and foot strain in adults by means of heel-seats. He depicted by means of diagrams and 
photographs how the usual arch supports and wedged heels were ineffective in treating flat feet. 
The patient’s heel merely slid laterally and deformed the outer stiffening of the shoe and wore down 
the heel. The usual complacent assumption that nature would correct most flat feet should be discarded. 
He had devised a heel-seat made of acrylic, which fitted snugly about the heel and corrected any 
tendency to valgus. It could be worn in any type of shoe, football-boot, gum-boot, sandal, tennis 
shoe or slipper. It held the heel in a vertical position and prevented the usual deformity of the shoe. 
It therefore saved expense on shoes, was comfortable, and did not need to be replaced more often 
than once or twice a year. It should be worn for about two and a half years. Mr J. J. Commerell 
(Cape Town) suggested that everted feet were due to a tight tendo calcaneus and that the relief obtained 
by heel-seats in these cases seemed to be due to the raising of the heel and therefore to the release 
of tension on this tendon. Mr C. T. Moller (Johannesburg) asked if the tight tendo calcaneus was 
cause or effect in these cases. The Whitman’s valgus brace served a similar function as the heel-seat, 
but most technicians seemed unable to fit the patient accurately. Mr R. C. J. Hill (Durban) had noticed 
that when adolescent girls began wearing high heels they walked better and felt better, because of 
relief of the tight tendo calcaneus. In reply to Mr F. P. Fouché (Johannesburg), Mr Helfet said that 
it did not matter what the cause of the flat feet was. Any child who persisted in walking on the inner 
borders of his feet could be treated by this method. The shape of a foot could be moulded by this 
appliance, just as the Chinese women used to mould their feet by binding them tightly. 

Symposium on orthopaedic tuberculosis—Sir Walter Mercer (Edinburgh) opened the symposium by 
discussing the diagnosis and treatment of tuberculosis of the hip. He showed slides depicting the 
radiological appearances of the intra-articular and extra-articular types of hip tuberculosis, and 
emphasised the difference in diagnosis and treatment of these types. In the synovial types a biopsy 
assisted in the diagnosis and helped in treatment by decompressing the joint. Rest and antibiotics also 
assisted in the treatment. The action and dosage of the various chemotherapeutic substances such as 
para-amino-salicylic acid, iso-nicotinic acid hydrazide and streptomycin were mentioned. In the 
extra-articular types of tuberculosis of the hip, rest by leg traction and eradication of the bony focus 
was advisable, and the treatment of sinuses by chemotherapy and arthrodesis of the hip by Brittain’s 
method were mentioned. A ciné film of the speaker performing a Brittain’s arthrodesis by the 
posterior approach was shown. 

Mr N. M. Thompson (Pietermaritzburg) described his results of excision of the head and neck 
of the femur in fifteen cases of tuberculosis of the hip in adults who had not responded satisfactorily 
to rest and chemotherapy. Most of these cases were acute, with pyrexia, pain, inability to walk, 
and sometimes discharging sinuses. The hip was opened by the anterior or lateral approach, sinus 
tracts and all affected soft tissues were excised, the neck of the femur was divided and the head 
scooped out. No attempt was made to dislocate the joint. The operation got rid of a great deal of 
tuberculous infected tissue; it opened up the tissues to chemotherapeutic agents, and put the affected 
acetabulum at rest, because weight bearing was now lateral to the acetabulum. A loose-fitting 
caliper was prescribed and gluteal exercises were practised. The patients, however, soon discarded 
the caliper and walked with one stick. They could walk up to six miles if capable of re-education, 
but heavy patients did not walk so far. Passive movements were usually full after the operation, but 
there was no active abduction. Shortening was usually one and a half inches. Mr Thompson believed 
that this operation should be done in all elderly patients in whom conservative treatment had failed. 

Mr A. C. Boonzaier (Johannesburg) presented his results of central-dislocation-arthrodesis as a 
radical treatment of tuberculosis of the hip. He had operated on twenty-five patients with severe 
tuberculosis of the hip, of whom eighteen were adults. There was no operative mortality and in no 
case abscess or sinus formation. All the wounds healed primarily. Fourteen hips were healed solidly 
by fusion clinically and radiologically at the end of twelve months. Six hips were immobile clinically 
but showed evidence of non-fusion radiologically, although the patients were symptom-free. Two 
patients had slight movement at the hip but were without pain and able to walk. The other three 
patients had not returned for a final assessment. 

The operation was performed as soon as the patient’s general condition was satisfactory. Flexion 
contracture, if present, was first corrected by leg traction. A wide Smith-Petersen or antero-lateral 
exposure was employed, with division of the tensor fascia latae, a hand’s breadth below the trochanter, 
osteotomy of the Jesser trochanter, and detachment of the muscles from the greater trochanter. 
Every single bone abscess in the femur and acetabulum was ablated, and the entire capsule and all 
granulation tissue was excised. The sclerosed bone of the head, neck and acetabulum was broken down 
but the calcar femorale was left intact. The head and neck were shaped by osteotomes, and Charnley’s 
reamers were used to drill a close-fitting hole in the acetabulum. If the acetabulum was ruined by 
the disease or the removal of debris a hole was made in the pelvis a little more proximally. The 
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head and neck were dislocated into the pelvic hole, and multiple boiled cadaveric bone chips were 
laid across the fusion site. A full spica was applied for three months and another spica from the 
nipple line to above the knee for another three months. Weight bearing could be allowed in this latter 
spica if radiological union appeared to be progressing satisfactorily. Otherwise weight bearing should 
be delayed for a total of six months. The triad of para-amino-salicylic acid, streptomycin and iso- 
nicotinic acid hydrazide were given for twelve months. 

It was considered that this debridement and fusion operation should be practised in all adults 
and children with grossly destroyed tuberculous hips. Radiographs were shown of nearly all the 
cases operated upon. 

Mr C. J. Kaplan (Durban) presented his observations on local therapy in skeletal tuberculosis. 
He illustrated by means of slides and radiographs the additional efficiency of parenteral and intra- 
articular antibiotics and chemotherapy, in contrast with the previous treatment of rest, diet and 
sunshine alone. The previous duration of stay in hospital extending over three or four years was more 
than halved, and sinuses and secondary infection were almost completely eliminated. Streptomycin, 
4-1 gramme, was given intramuscularly daily for one month, and then every third day for the duration 
of stay in hospital. Para-amino-salicylic acid was no longer used as a routine because it tended to 
heal tuberculous lesions by fibrosis instead of by resolution without scarring. Iso-nicotinic acid 
hydrazide was given in doses of 8 to 16 milligrams per kilogram of body weight and was supplemented 
with vitamin B to prevent peripheral neuritis. 

Some patients were treated in addition by intra-articular injections of streptohydrazid (a 
combination of streptomycin and iso-nicotinic acid hydrazide) twice weekly for three months. 
Radiographs were shown of tuberculous hips and knees which had regained painless function and 
useful mobility after this method of treatment. 

Mention was made of the treatment of tuberculous spinal abscesses by means of drainage and 
continuous drip perfusion of the cavity with streptohydrazid in saline. A case of proved tuberculosis 
of the flexor tendon sheaths of the fingers had also been successfully treated by this drip perfusion 
method. 

Mr J. J. Commerell (Cape Town) described the domiciliary treatment of orthopaedic tuberculosis 
as practised in Cape Town and its environs. During the last six years 410 patients had been treated 
on Thomas’s frames or by other methods of immobilisation in their homes. Of these, 376 were cases 
of tuberculous involvement of spine, hips or knees. Most of these patients were under twenty-eight 
years of age. Older patients were difficult to treat at home because there was usually no one to 
attend to them. District nurses visited the patients regularly to give streptomycin injections and 
iso-nicotinic acid hydrazide tablets, and to inspect the frames. Two hundred and eighteen patients 
were treated thus until the disease had become arrested. The average length of treatment was sixteen 
months for spinal tuberculosis and fourteen months for hip tuberculosis. Four patients died of various 
causes and 126 required admission to hospital for various complications or because of inability to 
continue treatment at home. There now remained only twenty-eight patients on Thomas’s frames at 
their homes, which proved that a large back-log of skeletal tuberculosis had been cleared up by early 
diagnosis and adequate chemotherapy and rest. 

Dr H. G. Houghton (Durban) discussed recent trends in the treatment of tuberculosis, with 
special emphasis on pulmonary and cerebrospinal pathology. He made the following notable points. 
At the end of treatment 10 per cent of patients still had tubercle bacilli in their sputa. Para-amino- 
salicylic acid was no longer given routinely. Iso-nicotinic acid hydrazide was given in dosage of 
15 milligrams per kilogram of body weight daily. Streptomycin was given in doses of | gramme per 
day. Ten per cent of patients became resistant to iso-nicotinic acid hydrazide and new drugs such as 
Neotocide and Dipasic were being tried. At the present time 2,000 patients with pulmonary 
tuberculosis in Durban were being treated outside hospital as ambulant patients. The value of bed 
rest was being challenged. The length of treatment was usually two years. Calcified foci in the lung 
should be treated. 

The Durban mystery outbreak resembling Icelandic disease—Mr R. C. J. Hill (Durban) opened the 
discussion by informing the members of an epidemic of a disease resembling poliomyelitis which 
occurred in Durban in March 1955. The main features were a pyrexial illness followed by weakness 
of the trunk and limbs, clonic contractions of muscles, sensory changes and relapses of these symptoms. 
The condition persisted with periodic relapses for many months and was often associated with 
psychological changes in the patient. Ninety-eight members of the nursing staff of the Addington 
Hospital in Durban had been affected, and forty-five patients had developed the disease. Twelve 
of the nurses and four patients had become permanently incapacitated. Only twelve of the patients 
were male and the vast majority were between eighteen and twenty-five years of age. Dr R. W. S. 
Cheetham (Durban) divided the disease into a prodromal, an acute and a convalescent phase. He 
demonstrated a nursing sister who was still incapacitated. She had patchy loss of sensation in the 
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lower limbs and developed clonic contractions on moving the left arm and leg against resistance. 
Weakness of the abdominal and back muscles was almost a constant feature of this malady. 
Dr P Joubert (senior pathologist, Durban) described the routine investigations and specific methods 
adopted during the epidemic. In his opinion circumstantial evidence pointed rather to a virus than 
to a toxic agent. Dr R. English (Medical Officer of Health, Durban) believed that the disease had 
some connection with the endocrine organs and hoped that the examination of urinary ketosteroids 
might be useful. Dr R. Percy-Lancaster (East London) had seen four cases in East London, and 
described the progress of one case in detail. He noted that in most cases the left side of the body 
was involved. He described the psychological aspects and the treatment that is sometimes necessary 
for these symptoms. 


The management of scoliosis—Mr F. J. Hedden (Johannesburg) stated that although the management 
of scoliosis was still controversial it had in recent years gradually progressed along certain 
sane and definite lines. He outlined the clinical examination in a case of scoliosis of the spine and 
demonstrated the usefulness of radiographs, particularly of ‘“‘ bending” films. Idiopathic scoliosis 
was the commonest (80 per cent). Other causes of scoliosis were poliomyelitis (5 per cent); 
neurofibromatosis (2 per cent); congenital (less than 2 per cent); thoracogenic (less than 2 per cent); 
Morquio’s disease (1 per cent); Friedreich’s ataxia, and spastic paralysis. He classified scoliosis as 
either functional or structural. He then described the various types of idiopathic scoliosis. Lumbar 
scoliosis occurred in 26 per cent of cases and the prognosis was good. Thoraco-lumbar scoliosis 
occurred in 8 per cent of cases and also had a good prognosis. Thoracic scoliosis occured in 43 per 
cent and was the most important group, giving rise to the largest curves and producing the worst 
deformities. It occurred at three periods of rapid growth and might be described as infantile, 
juvenile or adolescent. The combined thoracic and lumbar scoliosis occurred in 23 per cent of cases 
and the prognosis was good. He discussed the treatment and mentioned the roles played by 
physiotherapy, corrective plaster beds, plaster jackets and spinal supports, and correction followed 
by spinal fusion in all the different types. He described the method of correction and fusion in detail 
He employed the Risser turnbuckle jacket to obtain correction. He then tried to obtain a sound bony 
fusion of the whole of the primary curve if possible in a one-stage operation by means of refrigerated 
banked bone. The patient was kept recumbent for six months in the Risser jacket after fusion, and 
was then allowed up in a polythene jacket or if necessary in a Milwaukee brace. A year after operation 
radiographs of the primary curves were taken to exclude pseudo-arthrosis, and, if they were satisfactory, 
all external support was discarded. 

Mr Hedden concluded that 5 per cent of patients with idiopathic scoliosis needed early fusion and 
correction, mainly in the thoracic type at the age of ten years, because of the bad prognosis. Fifty per 
cent of paralytic curves needed operation because of instability, symptoms or deformity. Early fusion 
was especially indicated in the thoracic type. Nearly all cases of neurofibromatosis needed early 
operation, but operation was only rarely necessary in the congenital type. He felt that scoliosis should 
be dealt with in a specialised clinic where adequate facilities and time were available. 


Malignant bone tumours—Dr M. Findlay (Durban) discussed the diagnosis and treatment of bone 
tumours. Radiographs and slides were shown of the various tumours and the following points were 
mentioned. In osteoclastoma 50 per cent of the patients gained a favourable result if properly 
treated; 35 per cent of the tumours tended to recur and 15 per cent became malignant. The treatment 
of osteoclastoma was still controversial. Some believed that irradiation after curetting caused 
malignancy, but Dr Findlay disagreed; he considered it the best line of treatment. In osteogenic 
sarcoma it was best to irradiate the tumour first (with supervoltage if possible) and amputate the 
limb afterwards. The “ five-year cure rate’’ ranged from 10 per cent to 23 per cent. Arteriography 
was mentioned as a method of differentiating an inflammatory from a neoplastic bone lesion, or in 
diagnosing malignancy at an early stage in a benign tumour. Arteriographs were shown depicting 
the various differentiating features such as “pallor,” branching of vessels and arterio-venous 
communications. 


Dysplasia of tendons of feet as a cause of congenital deformities—Dr Steele F. Stewart (Honolulu) 
compared the development of the foetal foot in the macaque, the gorilla and the human. He believed 
that the human foot was more primitive than the monkey’s foot, and that it stood at the base of 
the primitive tree. If the tendons differentiated and developed earlier than normal in a human foetus 
arthrogrypotic and other deformities were more likely to be present at full-term. The longer it took 
for the foetal development of the tendons in the foot, the less were the gradations of these foot 
deformities at birth. 

In club-foot deformities there was a definite expansion of the tendo calcaneus, which was 
attached more medially on the calcaneum than in the normal foot. The tendo calcaneus consisted 
of a flat superficial band formed from the inner head of gastrocnemius, and a flat volar or deeper 
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band formed from the outer head of gastrocnemius. These closely applied flat bands could always 
be seen and separated. It was the deeper band from the outer head of gastrocnemius that was 
attached to the medial surface of the calcaneum in club foot. This observation had led him to devise 
a new operation to correct club-foot inversion of the heel. He detached the deeper band from its 
insertion into the calcaneum and found that the heel could immediately be everted more easily. He 
then divided the superficial band of the tendo calcaneus to gain length, and inserted the distal end 
of the detached deep head into the distal end of the cut superficial head. In this manner a more 
direct and straight pull on the calcaneum was obtained. 

Other tendon anomalies in club foot were corrected at the same operation. The faulty dorsal 
expansion of the peroneus brevis was severed and transplanted volarwards. Also the anomalous 
bands of peroneus longus in its plantar tunnel were severed to allow free play of this tendon. 
Dr Stewart showed photographs of patients treated by this method whose deformities appeared to 
have been corrected without subsequent manipulations or plasters. 

The peroneus longus tenolysis was also employed in certain types of flat feet. He found that 
in these flat feet, when the heel-valgus was corrected, the patient could not actively depress the first 
metatarsal head on to the ground. These patients therefore had a fixed supinated forefoot due to 
adhesions of the peroneus longus in its plantar tunnel. When these adhesions were severed the first 
metatarsal head could be actively depressed and the patients became free of deformity and discomfort. 
He had found that this type of flat foot was not common in the Negro. 

In the discussion Mr J. M. Edelstein (Johannesburg) mentioned that in the Bantu foot there 
was an extra insertion of tibialis anterior in 12 per cent, and the peroneus tertius was often absent. 
Other anomalies of tendon insertions in the foot occurred in 2-5 per cent of Bantu as compared with 
only 1-5 per cent of the white population, and one would therefore expect a greater incidence of 
club feet in the Bantu. This deformity did not, however, appear to be more prevalent in the Bantu 
than in the white population. 


Osteotomy of calcaneum in the treatment of pes cavus—Mr F. C. Dwyer (Liverpool) presented a new 
approach to the treatment of pes cavus. The operation advised by him consisted in a subcutaneous 
division of the contracted plantar fascia and correction of the varus deformity of the heel by removing 
a wedge of bone from the outer aspect of the calcaneum. He submitted that by approaching the 
deformity from behind and overcoming the varus of the heel, the foot was rendered plantargrade, 
and therefore weight bearing exerted a corrective influence which resulted in progressive improvement 
of the deformity. The operation was mainly a prophylactic one and should be performed before 
there was gross structural deformity and while active growth was still taking place. He had done the 
operation sixty-three times in forty-seven children, their ages varying from three to sixteen years. 
Even in patients over the age of sixteen great improvement was obtained by doing nothing more than 
this operation. There was improvement in their gait and shoe-wear; and the drop-foot and claw-toe 
deformities were strikingly corrected. In adults with fixed forefoot deformity the cavus could be 
corrected at the same time by removing a dorsal wedge from the tarso-metatarsal region, thus 
preserving movement at the midtarsal subtalar joint. Mr Dwyer showed photographs and radiographs 
of patients on whom this operation had been performed, and also a film illustrating the operation. 


CANADA 


CANADIAN ORTHOPAEDIC ASSOCIATION 


The following officers were elected in June 1956. President, Dr Louis-Philippe Roy; Vice-president, 
Dr J. A. Leo Walker; President-elect, Dr G. W. Armstrong; Secretary-treasurer, Dr lan W. Davidson. 


INDIA 
ASSOCIATION OF SURGEONS OF INDIA 


A regional meeting of the Orthopaedic Section of the Association of Surgeons of India was 
held at Patna on September 29-30, 1956. The following were notable among the many papers that 
were read. 


Reconstruction of the hand in leprosy—Dr James R. Donaldson emphasised the importance of careful 
selection of cases and showed results of sublimis tendon transplants in cases of advanced ulnar nerve 
paralysis. It has been his experience that these reconstructive procedures can be successfully performed 
even in the presence of anaesthesia and bacteriologically positive cases. Dr Donaldson also mentioned 
the usefulness of transplanting the tibialis posterior muscle to control drop-foot. 
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Recurrent dislocation of shoulder—Dr A. K. Mukherji emphasised the part played by some congenital 
factors in the causation of recurrent dislocation of the shoulder. 

Experimental intra-articular fractures—Dr S. Chowdhury illustrated the marked superiority of early 
movement over immobilisation in the treatment of intra-articular fractures in experimental animals. 
Effect of epiphysiodesis on muscle tissue—Dr S. S. Sen had found that early epiphysiodesis in growing 
goats caused specific wasting in certain groups of muscles of the limb which had been shortened by 
such a procedure, and emphasised the importance that this experimental work might have on 
epiphysiodesis performed for leg equalisation in human patients. 

Experimental diaphysectomy—Dr M. T. Mehta reported a series of successful diaphysectomies 
performed in experimental animals and emphasised the place that this method of shaft replacement 
might have in the treatment of persistent bone infections. 

Malunited Coiles’s fracture—Dr S. S. Sen reported fifty cases of malunited Colles’s fracture treated 
by excision of the lower end of the ulna and wedge osteotomy of the radius at the site of fracture, 
and showed some remarkably good results. 


HOLLAND 
PROGRESS IN ORTHOPAEDIC SURGERY 


Our Corresponding Editor, Dr J. D. Mulder, writes: Since my last report in September 1955 
there have been only a few important events in the field of orthopaedics in this country which may 
be of interest to readers of the Journal. 

At the session of the Netherlands Orthopaedic Society in November 1955 Mr J. H. J. van der 
Kamp reported a successful scapulo-thoracic arthrodesis in a seventeen-years-old girl with progressive 
muscular dystrophy (Erb’s disease). Function of the thoraco-scapular muscles in this patient had 
been completely lost, while the deltoid had retained sufficient force to abduct the arm. At operation a 
hole was made in the inferior angle of the scapula, and the sixth rib was cut obliquely in the flank and 
pushed through the hole in the scapula. The superior scapular angle was drawn to the midline and 
fastened to the interspinous ligaments with the aid of a strip of fascia lata. Firm fixation of the 
scapula and nearly full elevation of the arm were obtained. 

At the same session Dr G. Hellinga, endocrinologist in Amsterdam, gave a survey of the effect 
of sex hormones on skeletal growth in man. It is well known that these hormones not only accelerate 
growth but also promote skeletal maturation. Thus the eventual effect of the administration of sex 
hormones on body length may be positive, zero, or even negative. In girls with a tendency to 
overgrowth, rapid skeletal maturation and termination of growth can be obtained by the administration 
of oestrogens in monthly periods of three weeks together with a continuous daily intake of androgen 
substances. 

Conversely, methyltestosterone promotes metaphysial growth but has little influence on skeletal 
maturation, and may thus cause an increase in the eventual body length. Several individual growth 
curves were shown which illustrated these points. 

At the session of the Society in February 1956 Dr J. Langham, Lecturer in Anatomy at the 
Free (Protestant) University of Amsterdam, described his experiments on the influence of thyroid 
hormone on embryonic development. His experiments on rats showed that partial thyroidectomy 
before or at the beginning of pregnancy caused defects in the eye lenses and retinae of the embryo, 
disturbances of ossification, and formation of hare-lip. Antithyroid substances introduced directly 
into chicken or rat embryos caused delayed ossification, phocomelia and syndactylism. 

In June 1956 Dr A. J. Cohen published a doctorate thesis on avascular necrosis of the lunate 
bone. He reviewed the material of the State Accident Insurance Company (Workmen’s Insurance) 
consisting of 148 cases of lunate necrosis, and was able to confirm previous work by Swiss investigators 
(Lang 1944, Ruttner 1946), stating that this necrosis was caused by subchondral fractures which can often 
be detected only with the aid of a special radiographic technique (oblique views and enlarged pictures). 

In the summer and autumn of 1956 the country suffered a moderately severe epidemic of 
poliomyelitis, which caused an unusual number of respiratory palsies. Many patients were treated 
successfully with the aid of tracheotomy and artificial insufflation with comparatively simple automatic 
devices (Poliomat). Of course, constant expert supervision is necessary to prevent and treat atelectasis 
and other complications. It is thought that the easy accessibility of the patient is a great advantage, 
as compared to the use of the iron lung and similar devices, which are reserved for patients with 
paralysis of respiratory muscles without damage to the bulbar respiratory centre. 


REFERENCES 
LANG, F. (1944): Zeitschrift fiir Unfallmedizin und Berufskrankheiten, 37, 23. 
Rittner, J. R. (1946): Helvetica Chirurgica Acta. Supplementum, 1. 
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PROCEEDINGS AND REPORTS OF COUNCILS AND ASSOCIATIONS 


ITALY 


ITALIAN ORTHOPAEDIC ASSOCIATION 
1956 MEETING 

The forty-first annual meeting of the Italian Orthopaedic Association was held in Bologna, in 
the Main Hall of the Istituto Ortopedico Rizzoli, from October 18-20, 1956, under the presidency 
of Professor R. Zanoli. 

The main subject, bone tumours, was divided into two parts: one on the primary tumours of 
bone, opened by Dr I. F. Goidanich, of the Orthopaedic Clinic of Bologna, and the second on metastatic 
tumours, opened by Dr V. Pietrogrande, of the Orthopaedic Clinic of Rome. The subjects were 
accurately reviewed by the speakers. Some important colour films on bone tumours were shown. 

Italian members and associates participated in the discussion. Among those taking part were 
many distinguished guests, including Dr B. Boitchev (Bulgaria), Dr V. Sanchis Olmos (Spain). 
Professor A. Gruca (Poland) and Professors K. Niederecker, G. Hohmann and M. Hackenbroch 
(Germany). 


SPAIN AND SOUTH AMERICA 


We are informed that, beginning in 1957, the Journal Revista de Ortopedia y Traumatologia 
Latino-Americana will be combined with Acta Ortopédica y Traumatolégica Ibérica to form a single 
journal for all countries using the Spanish and Portuguese languages. The combined journal will 
be edited simulataneously in Madrid and Buenos Aires. 

Under the name of Revista de Ortopedia y Traumatologia, Iberian Edition, it will appear in three 
numbers, in January, May and September; and three issues of the Latin American edition will be 
published in March, July and November. 

The subscription price for each edition will be eight dollars, and for the combined edition 
(Latin American and Iberian volumes) sixteen dollars. 

This amalgamation of the two journals is recognised as an advance that is important for all 
orthopaedic surgeons of the Spanish- and Portuguese-speaking countries, and also for those of other 
countries, for the new Review will publish articles from Spain, Latin America and Portugal. 


INTERNATIONAL SOCIETIES 
SEVENTH INTERNATIONAL CANCER CONGRESS 

The seventh International Cancer Congress, sponsored by the International Union Against 
Cancer, will be held in London from July 6-12, 1958, under the presidency of Sir Stanford Cade. 
Congress headquarters will be the Royal Festival Hall. There will be two main sessions of the Congress: 
A. Experimental; and B. Clinical and Cancer Control. Special emphasis will be placed on hormones 
and cancer, chemotherapy, carcinogenesis and cancer of the lung. 

Proffered papers will be considered only if submitted with an accompanying abstract (not over 
200 words) before October 1957 and if dealing with new and unpublished work. 

The registration fee for the Congress will be ten pounds or thirty dollars and the latest date 
for registration without late fee will be January 1, 1958. Registration forms and a preliminary 
programme will be available early in 1957 on application to the Secretary-General, Seventh International 
Cancer Congress, 45 Lincoln’s Inn Fields, London, W.C. 2, England. 


INTERNATIONAL SOCIETY OF ORTHOPAEDIC SURGERY AND TRAUMATOLOGY 
SEVENTH CONGRESS, 1957 

The Seventh Congress of the International Society of Orthopaedic Surgery and Traumatology 
(S.1.C.0.T.) will be held in Barcelona, Spain, from September 16-21, 1957. The provisional programme 
is as follows: September 16—Opening of Congress. Discussion on “ The influence of growth on 
the sequelae of bone and joint injuries.”” Openers: Dr P. L. Chigot (France); Dr W. P. Blount (U.S.A.); 
Professor Bryan McFarland (Great Britain); Professor J. Trueta (Great Britain). September 17 
Discussion on “ The treatment of flail limbs.”” Openers: Dr G. Hohmann (Germany); Dr M. 
Bastos-Ansart (Spain); Professor O. Scaglietti (Italy). September 18—Symposium on “ Giant-cell 
tumours and their treatment.””» Symposium on “ The surgical treatment of osteoarthritis of the hip 
(excluding arthroplasty).”” September 19—Symposium on “* Causes and prevention of congenital 
malformation of spine and limbs.”’ September 20—Other papers. 

Members and others wishing to attend the Congress should notify the Secretary-General before 
July 15, 1957. Members wishing to participate in the main discussions on the first two days should 
inform the Secretary-General of their intention and submit to him before June 15 a summary of 
their contributions. Other papers will be limited to ten minutes each. Those wishing to read papers 
should communicate with the secretary of the National Committee of their own country. The 
Secretary-General of the Society is Dr Bailleux, 34 Rue Montoyer, Brussels, Belgium. 
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Book Reviews 


PERIPHERAL NERVE INJURIES. Edited by H. J. SEppon, C.M.G., D.M., F.R.C.S., with eleven 
other contributors. 9} x63 in. Pp. xvi+451, with 276 figures and 122 tables. Index. 1954. London: 
Her Majesty’s Stationery Office. Price £2, 15s. 


This volume follows in the distinguished line of the M.R.C. report (1920) ‘** The Diagnosis and 
Treatment of Peripheral Nerve Injuries.”” The writer of this review enjoyed visiting three of the five 
Nerve Injuries Centres engaged in treatment and special investigations. In peace-time the high 
standards of clinical records and treatment, the uniformity of records, and the special investigations 
would constitute a major achievement. That these centres were established and functioned admirably 


Fic. 151 
Case A.33—Arteriogram showing large aneurysm of femoral artery which 
compressed lateral popliteal nerve; note that aneurysm is much larger than 
cavity which is filled with contrast medium. (By courtesy of the Department of 
Surgery, Edinburgh University.) 


in England amid the difficulties of World War II is borne out by this book. It is difficult to find any 
aspect of the experimental, pathological or clinical problems of nerve injuries which has not been 
well covered save the results of early—within three weeks—suture. Of particular interest are the 
results of nerve suture and nerve grafts. The book is invaluable to all who are interested in treating 
or studying nerve injuries. A very large amount of authoritative information is concisely and clearly 
recorded in its pages making it easier to use as a reference than to read consecutively. The type 
is clear and the illustrations are of high quality. The editor is to be warmly congratulated on the 
successful integration of the sections written by his twelve contributors. This book is recommended 
as a necessary addition to medical libraries everywhere.—E. H. BOTTERELL. 
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THE BIOCHEMISTRY AND PHYSIOLOGY OF BONE. Edited by Geoffrey H. Bourne, London 
Hospital Medical College, London, with twenty-seven other contributors. 9} 6} in. Pp. 875, with 
numerous figures. Index. 1956. New York: Academic Press Inc. London: Academic Books Ltd. 





Price £7, 3s. 
on 
- The contemporary interest in the study of bone in all its aspects has been shown by the number 
of important contributions in book form produced in 1956, both here and in America, covering 
many of the aspects of the biochemistry and structure of bone. The book we review contains chapters 
id from the pen of twenty-eight outstanding workers gathered from the U.K., U.S.A., Sweden, Canada 
- and Switzerland, and covers the main aspects of the subject from the general anatomy and histology 
gh of bone to pathological calcification. In twenty-four chapters the contributors, some of them among 
ne the main workers in the field, bring forward the present views on their subject, placing them at the 
ly disposal of the average medical reader. Such a comprehensive type of book cannot be fairly commented 
PLATE III 
Histology of the bones in experimental hypervitaminosis A. 
1. Transverse section of the humerus of a hypervitaminotic rat which had received 
1250 I.U. of vitamin A daily from the twenty-first to the twenty-eighth day of age. 
Note thick layer of endosteal osteoid on the left-hand side where the original shaft 
bone is much reduced in thickness. (By courtesy of the late Dr S. B. Wolbach and the 
Journal of Bone and Joint Surgery.) 
upon by any single reviewer, as the field it covers is too broad to be encompassed by one man. 
Nevertheless, this book may be read from cover to cover without causing strain by its variety of 
subjects and styles—no small compliment after perusal of more than 800 pages of compact text. 
Particularly enjoyable are the chapters on “* Bone as a Mechanical Engineering Problem” by 
G. H. Bell, *“* Osteogenesis in the Human Embryo and Foetus ”’ by E. Gardner, ** The Growth of 
Bone ”’ by H. A. Sissons and “ The Effects of Radiation on Bone” by J. M. Vaughan; but this 
ny preference may be only due to the particular interest of the reviewer at the present time. In fact there 
ren seems to be only one gap in the whole book, namely that no chapter is dedicated to the all-important 
the role of the blood flow in conditioning bone metabolism and of the vessels in contributing to bone 
ing structure and development. Apart from some reference in the chapters on the growth of bone and 
rly on repair and grafting, there appears to be a general lack of interest in the role of the blood vessels 
ype in the normal and pathological life of bone. This criticism apart, the reviewer knows of no work that 
the presents in better or more authoritative form the immense accumulation of data on the nature of the 
ded skeleton. Both Dr G. H. Bourne as the Editor, and the publishing firm, must be congratulated for 
the splendid way in which they have succeeded in their joint efforts. —J. TRUETA. 
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BONE STRUCTURE AND METABOLISM. A Ciba Foundation Symposium. Editors for the 
Ciba Foundation G. E. W. WoLSTENHOLME, O.B.E., M.A., M.B., B.Ch., and Cecilia M. O’CoNNor, 
B.Sc. 845} in. Pp. xii+299, with 121 figures. Index. 1956. London: J. & A. Churchill Ltd. 
Price 45s. 

This book records the proceedings of a symposium held in July 1955 by the Ciba Foundation 
in collaboration with the Bone and Tooth Society. The report would appear to be comprehensive, 





Fic. 5 


Section of frontal bone of a 13-day fowl embryo, showing organization of the 

cytoplasm in osteoblasts. Typical mitochondria (M), paired lamellae (L) and 

particulate structures (P.S.) are visible. The central area of the micrograph may 

represent the Golgi apparatus. Part of the cell surface (C.S.) and intercellular 
spaces (/.S.) are also well defined. ( x 32,000.) 


though not verbatim. Twenty papers were presented and discussed at the meeting by a company 
of twenty-eight, derived from physicians, anatomists, biochemists, pathologists and others from Italy, 
the United States, Canada, France, Belgium, Sweden, Switzerland, Norway and the United Kindgom. 
The chairman was Dr C. E. Dent. The subjects covered most of the aspects of the anatomy and 
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physiology of bone that are lively issues at present, and the book should be in the hands of everyone 
who has any interest in the structure and behaviour of bone in normal or abnormal circumstances. 
As one might expect, observations based upon the newer research techniques employing radioactive 
substances, electron microscopy and advanced biochemical methods came in for much discussion; 
and, as with all new techniques, an onlooker must be permitted to wonder how much the data obtained 
from these methods will be modified when the techniques themselves are better understood and their 
own errors better appreciated. Reports of isotope studies and of autoradiography predominate in 
the papers on micro-anatomical subjects and on the metabolism of normal bone. The papers with 
direct clinical interest are largely concerned with vitamin D and with pathological disorders. In a 
group of wholly admirable and very condensed papers it is invidious to pick out those of individuals, 
but orthopaedic surgeons will be particularly interested in Rutishauser’s account of altered intra- 
osseous vascularity in Paget’s disease, Sudeck’s atrophy and osteoarthritis of the hip. One might also 
pick out for special comment a paper by Lisco on “ Bone as a Critical Organ for the Deposition of 
Radioactive Materials,” and a discussion of calcium loss after fractures. The illustrations, mostly 
photomicrographs and electron photomicrographs, are beautiful. The book is of handy size and, 
for what it contains, inexpensive.—D. LI. GRIFFITHS. 


LIVING BONE IN HEALTH AND DISEASE. By Irvin Stein, A.B., M.D., F.A.C.S., F.I.C.S., 
Assistant Professor of Orthopaedic Surgery, University of Pennsylvania; Raymond O. Stein, A.B., 
M.D., F.I.C.S., Associate in Orthopaedics, Hahnemann Medical School, Affiliate; and Martin L. 
BELLER, A.B., M.D., Instructor in Orthopaedics, Hahnemann Medical School, Affiliate. 10} x74 in. 
Pp. xii+510, with 387 figures. Index. 1955. London: Pitman Medical Publishing Co. Ltd. Price £5, 10s. 


The present volume, written by three practising orthopaedic surgeons from Philadelphia, is 
intended for orthopaedic surgeons, physicians, radiologists and others who deal with the clinical 
problems of skeletal disease. The authors’ aim has been to provide a general account of bone diseases 
and to incorporate in it recent advances in basic sciences, particularly with regard to the relationship 
between bone structure and metabolism. This aim, with its implied interest in the biochemical aspects 
of skeletal disease, and their correlation with pathology, radiology and clinical medicine and surgery, 
and its emphasis on a “ dynamic” concept of bone behaviour, is most laudable, and it is true that 
no other text-book has so far adequately described the important and spectacular advances 
concerning the metabolism of bone tissue which have been made in recent years. In the opinion of the 
present reviewer, however, the work does not succeed in this task. Errors in fact, sometimes concerning 
important subjects, are numerous, and debatable matters are not infrequently presented as established 
or as not requiring verification by further work. Thus in discussing the “* biochemical treatment”’ of 
Paget’s disease—a very uncertain topic—such procedures as the control of calcium, phosphorus and 
vitamin D intake, and the administration of oestrogenic and androgenic hormones and of magnesium 
salts are recommended but no evidence is advanced to establish their value. 

Presentation and arrangement are not always clear. In the account of rickets, it is not until 
the ninth page—after an introductory section, historical notes, and accounts of pathogenesis and 
pathology—that we learn that the dietary form of rickets is caused by vitamin D deficiency, or that 
there are a number of non-dietary forms such as those secondary to renal disease. One particular 
weakness of the book relates to the choice of illustrations. These consist almost entirely of clinical 
radiographs, with very little material to aid their evaluation in terms of underlying structural changes. 
Again, to take the section on Paget’s disease, while this contains more than ninety clinical radiographs, 
it has only four photomicrographs—and three of these are non-contributory. The basic histological 
** entities ’’ of metabolic bone disease—such as osteoid tissue, osteitis fibrosa, and the thinned cortex 
and slender trabeculae of osteoporosis—are all conspicuous by their absence. In the sections describing 
various hereditary bone diseases, the genetic mechanisms concerned are poorly described. To turn 
to another topic, the section of the book on bone tumours is pitifully inadequate. 

In contrast, some aspects of the subject are treated admirably. The nomenclature used is 
accurate, and sections on differential diagnosis are informative and relevant. For any condition, 
historical notes accurately outline the development of knowledge and also record any historical or 
literary allusions to the subject under discussion. A wealth of interesting and often unfamiliar 
material is included in these historical contributions. These better sections of the book no doubt 
relate to subjects where the interest and experience of the authors has been greatest. Indeed, both 
the successes and the shortcomings of the work can well be understood if it is regarded as a sort of 
personal scrap-book in which a wealth of largely unselected personal observations and comments 
have been collected. Such material can be the basis of admirable bedside teaching, but it lacks the 
balance necessary for an authoritative text-book.—H. A. SIssons. 
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PERIPHERAL VASCULAR DISORDERS. Edited by Peter MarTINn, V.R.D., M.Chir., F.R.C.S.Ed., 
Lecturer in Surgery, Postgraduate Medical School, London, Surgeon to Chelmsford and Billericay 
Hospitals; R. Beverley LYNN, M.D., F.R.C.S., Assistant Professor of Surgery and Markle Scholar, 
Medical College, University of Saskatchewan, Formerly Assistant Lecturer in Surgery, Postgraduate 
Medical School, London; J. Henry Diste, M.B., LL.D., F.R.C.P., Professor Emeritus of Pathology, 
University of London, Director of Pathology, Postgraduate Medical School, London; and Ian Arb, 
Ch.M., F.R.C.S., Professor of Surgery, University of London, Director of Surgery, Postgraduate 
Medical School, London; with five other contributors. 107} in. Pp. viii+847, with 450 figures. 
Index. 1956. Edinburgh and London: E. & S. Livingstone Ltd. Price £5, 10s. 


It is well known that the surgery of peripheral vascular disease has been a matter of particular 
interest to the Staff of the Postgraduate Medical School of London. This comprehensive treatise on 
the subject, which is almost entirely a record of their personal experience, is therefore most welcome. 
The book is the work of a group of authors, and the editors are to be congratulated upon their success 
in producing a volume which, though it certainly has a surgical bias, yet gives a well balanced and 
authoritative account of vascular disorders in general. 

The only contributors from outside the Postgraduate School are Professor G. A. G. Mitchell, 
who recapitulates his studies of the anatomy of the innervation of peripheral blood vessels, and 
Professor Henry Barcroft, whose chapter on the physiology of the blood flow in the limbs epitomises 
the researches of many years. These chapters on normal vessels greatly enhance the value of the book 
to anyone who wishes to gain a real understanding of vascular disease. Clinical examination of the 
vascular system is well described and the radiological methods are well illustrated, though some of 
the text in this section seems to be somewhat below the generally high standard. Professor Dible’s 
accounts of the pathology of athero-sclerosis and of thromboangiitis obliterans are masterly, and 
considering that most of his observations have been made on amputated limbs he has taken an 
unexpectedly wide view of the earlier stages of arterial disease. The chapters written by Mr Martin 
on the surgical aspects of obliterative arteritis, “‘ Raynaud’s disease,” on coagulants and anticoagulants, 
and on operative technique, and Professor Aird’s chapters on arterial injuries, arterial embolism and 
on “ cervical rib * are all admirably clear, concise and helpful in giving guidance to general practitioners 
and to surgeons who are not specialists in the field. The specialist will agree with almost everything 
they have written. Dr Lynn has been allotted most of the controversial subjects, and the vascular 
diseases which are little understood, and it is therefore only natural that in his sections there should 
be many matters over which there are differences of opinion. There are places where he relies upon 
theoretical teaching about the pros and cons of certain forms of treatment rather than upon the result 
of practical experience; yet it is as a record of experience that the book is particularly valuable. 

The references to the literature are numerous but have been chosen with care and discretion; 
most of them refer to recent publications and, particularly in regard to the more obscure diseases, 
they give a reliable guide to further study, and greatly increase the value of the book as a work of 
reference.—J. Paterson Ross. , 


NEURO-VASCULAR HILA OF LIMB MUSCLES. By James Couper Brasu, M.C., M.A., M.D., 
D.Sc., LL.D., F.R.C.S.Ed., F.R.S.E., Professor Emeritus of Anatomy, University of Edinburgh. 
10x73 in. Pp. xvi+100, with 30 coloured plates. Index. 1955. Edinburgh and London: E. & S. 
Livingstone Ltd. Price 30s. 


In his preface to this atlas Professor Brash states that it owes its origin to the suggestion of 
Professor Sir James Learmonth that accurate data on the sites and modes of entry of the principal 
arteries of supply to the limb muscles would be of great value in the diagnosis and treatment of the 
results of injuries affecting them. The final plan was to determine the extent to which the principal 
blood supply of the muscles is associated with the nerves; that is the constancy or otherwise of a 
definite *“* neuro-vascular hilum.” 

With the collaboration of the Anatomy Departments of the Universities of Edinburgh, Aberdeen, 
Leeds and Glasgow, extensive data were collected from the dissecting rooms. The results obtained 
in the upper limb were produced in 1945 in a typed brochure, which was issued to all the peripheral 
nerve units in this country and to many individuals abroad. The value of this production was 
appreciated quickly, and it is a pleasure to greet the publication in more durable form of this atlas, 
which includes the muscles of the lower limb as well as of the upper limb. In addition to the findings 
of the investigation, the observations of other researchers—Reid, Linell, Cappell/Bruce, Frohse and 
Frankel and Hovelacque—are given. In the introduction a brief résumé is made of other research 
work on the peripheral nerves and arteries. 

The illustrations, which are beautifully produced, are based on outlines from radiographs of 
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living limbs with an opaque scale added. To accommodate the drawings to a uniform size of page 
the limb measurements have been reduced, for example, forearm and gluteal region 3, thigh 2, leg 4. 
The drawings show the muscles with the most frequently found position of the entry of arteries and 
nerves. Minor constants and variations are clearly stated in the text. The intrinsic muscles of the 
hand and foot are not considered. 

The book is clear, concise and comprehensive, and can be confidently recommended to all 
whose interest lies in the peripheral nerves, vessels and muscles. It can be predicted that its place 
on the library shelf will be often vacant.—R. I. STIRLING. 


THE PATHOLOGY AND SURGERY OF THE VEINS OF THE LOWER LIMB. By Harold 
Dopp, Ch.M., F.R.C.S., Surgeon to St Mary’s Hospital; and Frank B. Cockett, M.S., F.R.C.S., 
Surgeon to St Thomas’s Hospital, London. Foreword by R. R. Linton, M.D., Assistant Clinical 
Professor of Surgery, Harvard Medical School. 1074 in. Pp. ix+462, with 313 figures. Index. 
1956. Edinburgh and London: E. & S. Livingstone Ltd. Price 65s. 


Disease of the leg veins is one of the commonest ailments of our population, and Mr Dodd and 
Mr Cockett have performed a valuable service in writing a very comprehensive survey of venous 
disorders. This beautifully produced monograph is arranged in three parts which follow one another 
in natural sequence. In Part I the surgical anatomy of the veins of the leg is described and illustrated 
clearly. This part includes also an interesting historical survey of the subject by Dr S. T. Anning 
and a chapter on the physiology of venous flow by Mr C. I. Murphie. 

Part II deals with the pathology and surgery of the superficial veins. There is an excellent 
chapter on the diagnosis of varicose veins, in which the various tourniquet tests are well described. 
It is rightly emphasised that incompetence of the short [external] saphenous vein is best detected by 
palpation in the popliteal space, and it might be added that this should be done with the knee slightly 
bent. The indications for injection of varicose veins are set out clearly and the various techniques 
explained fully. The operative treatment is then dealt with in detail. The authors favour the stripping 
operation for both the long /internal) and short {external| saphenous systems, and the text describing 
this operation is essentially practical and reflects the great experience of the authors. 

Part III deals with the pathology and surgery of the deep and communicating veins. Here the 
authors state that ** the role of incompetence of the great or small saphenous system in the production 
of ulcers and induration of the ankle is relatively unimportant.” In support of this thesis a series 
of 182 patients with leg ulcers of venous origin is quoted, in which 48 per cent of the ulcers were 
unaccompanied by incompetence of the superficial system of veins. The authors believe that faulty 
ankle perforating veins are responsible for most venous ulcers in the typical gaiter area, and this 
concept is explained fully and with conviction. 

Included in Part III is a chapter on venography, and this is followed by a description of the 
conservative management of venous ulcers. The last chapter deals with the surgical treatment of 
venous ulcers, and the operations for ligation of the perforating veins at the ankle are given due 
prominence. The authors, however, are commendably cautious in claiming too much from a follow-up 
study of less than five years, and no actual figures for the results of such operations are given. This 
of course is an omission that time and future editions will remedy. Perhaps the authors would also 
consider including a chapter on “ resistant ulcers” in their next edition. It may be that none of 
their patients will fall into such a category; but a frank analysis of a series of refractory or recurrent 
ulcers would be of great value, and would make an already comprehensive work complete. 

In summary, this is an excellent book. It should be essential reading for every surgeon in 
training, and surgeons however experienced will profit greatly from a careful study of its contents.— 
G. W. TAYLOR. 


ANATOMICAL TECHNIQUES. By D. H. Tompsett, B.Sc., Ph.D., Prosector to the Royal College 
of Surgeons of England. Foreword by Sir Cecil WAKELEy, Bt., K.B.E., C.B., LL.D., F.R.CS., 
Past-President of the Royal College of Surgeons of England. 107} in. Pp. xvi+240, with 83 figures 
and frontispiece, many in colour. Appendix and Index. 1956. Edinburgh and London: E. & S. 
Livingstone Ltd. Price 35s. 


The uninterrupted stream of new technical advances in the field of physics (particularly in 
electro-magnetics and optics) and of chemistry have relegated the interest in the preparation of 
human specimens to the background, as if they could only have a place in the large anatomo- 
pathological museums of the medical faculties. The express purpose of this book, written by such an 
expert as the Prosector of the Royal College of Surgeons of England, is to help all those engaged 
in the study of the human body in normal and pathological conditions, in themselves preparing any 


VOL. 39 B, No. 1, FEBRUARY 1957 












172 BOOK REVIEWS 


specimen which may be available. This book is intended to serve as a guide for the preparation of 
gross anatomical specimens and not as an exhaustive source of information on methods of revealing 
the minute vessels and other fine structures; consequently no reference is made to the more modern 
methods of ocular microscopy or of micro-radiography, which have been the object of other studies 
and on which a suitable literature is already available. 

The approach is a comprehensive one. The first part of the book is dedicated to the description 
of the several methods of dissection, fixation and mounting, and to the techniques of vascular, 
lymphatic and duct injections. The preparation of the containers, particularly of Perspex (polymethyl 
methacrylate), is described in detail, and even the instruments to be used are indicated; and in the 





























Fic. 37 


second part details are given for the preparation of particular organs such as the lungs, heart, brain, 
temporal bones, liver, kidneys, and spleen. Dr Tompsett’s book is written in a clear and simple style; 
it is well illustrated and excellently produced; and it ought to find a place on the bookshelves of all 
those interested in acquiring anatomical and pathological knowledge by the direct study of specimens, 
both human and from animals. The author and the publishers must be thanked for giving us such a 
useful and handsomely produced book.—J. TRUETA. 


TRAINING OF THE LOWER EXTREMITY AMPUTEE. By Donald Kerr, B.B.A., Director, 
National Institute for Amputee Rehabilitation, Lodi, New Jersey; and Signe BRUNNsTROM, M.A.., 
Consultant in Amputee Training, Institute of Physical Medicine and Rehabilitation, New York 
University-Bellevue Medical Center, New York. Introduction by T. Campbell THompson, M.D. 
94x64 in. Pp. xx+272, with 153 figures. Index. 1956. Springfield, Illinois: Charles C. Thomas, 
Publisher. Oxford: Blackwell Scientific Publications. Price 50s. 


In his introduction to this book Dr T. Campbell Thompson, M.D., states that the authors, one 
an exceptionally able above-knee amputee and the other a very accomplished and experienced 
physical therapist, have had a unique experience of the problem discussed in the book. and this claim 
is borne out by the excellence of the subject matter and its arrangement. 
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The importance of early advice to the patients and their relatives to enable them to face the 
future with equanimity is stressed at the beginning of the book, and the chapter on pre-prosthetic 
training with its delightful and descriptive line drawings is very well done. It is agreed that a correct 
psychological and a thorough physical preparation for limb wearing are prerequisites to success with 
an artificial limb. This chapter on treatment of the patient after amputation could with advantage 
be studied by all house surgeons, nurses and physical or remedial therapists. The ways of preventing 
deformities and improving the patient’s physique for the effort ahead are wonderfully illustrated by 
the sketches and line drawings. The correct method of using crutches is shown, and the importance 
of the care of the opposite leg is stressed. The chances of the patient’s making a real success of limb 
wearing should be assessed before the limb is ordered, and the type of limb ordered should be related 
to the facilities available for adjustment and repair. 

Short details of artificial limbs in common use in America are given, and simple methods of 
checking fit and alignment are explained. Hints on the care of the stump, on dressing and undressing, 
and the protection of clothing, have not been forgotten, but the main purpose of the book is to 
provide a reliable and arranged programme of exercises for balance and confidence which will enable 
the patient to use a limb to the best advantage. This programme can be followed by the patient in his 
own home or in a rehabilitation unit. The authors stress the importance of the patient’s becoming used 
to the feel of the limb and to its control before proceeding to walk with it, and the various line drawings 
illustrating weight shifts, balance recoveries, swing phases, and common faults in gait are excellent. 

The authors, whose experience would appear to have been mainly with the younger war amputees, 
deprecate the use of knee locks and walking sticks. It is doubtful however if they have had the 
extensive experience of elderly amputees that we have had in Britain where at least 50 per cent of all 
patients being fitted with artificial limbs in peace-time are over the age of fifty-five. It is agreed that the 
use of a knee lock and walking stick should be avoided if possible, but in the elderly it is probably more 
important to aim at safety with confidence than elegance in gait with the risk of injury from falling. 

The programme set out is a very extensive one, ten days or more being allotted for the balancing 
exercises within rails or with other aids, and an equal or longer period for advanced progress with 
the limb without the aid of rails or sticks. Methods of getting up and down stairs and inclines, of 
sitting down and getting up, of getting in and out of motor cars and of driving are given, as also are 
hints on enjoying dancing, games and hobbies. Reasons for faulty gaits are detailed and illustrated 
by line drawings; Figures 79 and 80 (p. 119) show faults in gait engendered by too much dependence 
on sticks, and Figures 85 and 86 (p. 127) show faults in gait due to improper balancing on the limb 





Fic. 79 Fic. 80 Fic. 85 Fic. 86 
Figure 79—Faulty weight distribution in Figure 85—Faulty gait; trunk side bending. 
walking with one cane. Figure 80—Faulty Figure 86—Faulty gait; side circling of 
weight distribution in walking with two canes. prosthesis. 


and to imperfect use of the stump in controlling the knee. Errors in gait are due either to insufficient 
training, or to faults in the stump or in the fit and alignment of the limb, or to a combination of 
all three. Some patients are naturally lazy walkers and are not interested in their appearance, but the 
combined efforts of the surgeon in charge of the case, of the fitter and the physical therapist, should be 
capable of making the willing patient walk in a natural way and with no obvious limp. During the 
training stages the stump should be examined after every session to make sure that there is no evidence 
of friction or abnormal pressure, and assessment of progress should be made and recorded. 

The authors are to be congratulated on the production of a book, the study of which will repay, 
not only amputees themselves, but all those responsible for their care.—T. RITCHIE. 
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A CLINICAL, PATHOLOGICAL AND GENETIC STUDY OF MULTIPLE NEUROFIBRO- 
MATOSIS. By Frank W. Crowe, M.D., Department of Dermatology, School of Medicine, and 
Heredity Clinic, Institute of Human Biology, University of Michigan, Ann Arbor; William J. SCHULL, 
Ph.D., Heredity Clinic, Institute of Human Biology, University of Michigan, Ann Arbor; and James 
V. NEEL, M.D., Ph.D., Heredity Clinic, Institute of Human Biology, University of Michigan, Ann 
Arbor. 9x6 in. Pp. ix+181, with 15 figures and 13 tables. Index. 1956. Springfield, Illinois: 
Charles C. Thomas, Publisher. Oxford: Blackwell Scientific Publications. Price 36s. 































This is another volume in the American Lecture Series. It is based upon a study of 223 ** relatively ” 
unselected cases of neurofibromatosis, studied by a dermatologist and two geneticists. About 
one-eighth of the book is given to the genetics of the disease, and about one-half to summaries of 
the clinical details and family histories of the patients studied. Only five pages are given to the bone 
changes that occur in this remarkable disease, though about one in three of the patients are said to 
have presented skeletal lesions. This is hardly important, for the book does not pretend to be a guide 
to the skeletal effects. Its usefulness to the orthopaedic surgeon is that it gives an excellent account 
of the disease as a whole, rather than of any one particular aspect. It is, however, interesting to note 





Fic. 6 


Plexiform neurofibroma in a ten-year-old male, propositus for Kindred E-4. 
Note overgrowth of left pelvis. 


that one group of 127 cases included thirty-five of scoliosis, twenty of asymmetrical bone growth, 
six of ** congenital ’’ pseudarthroses and three of local erosions of bone. Neurofibromata behaved 
malignantly in only four cases. 

This disease is more common than was thought. The authors urge that it is common enough 
to be considered in the differential diagnosis of growth disturbances in children, of mental retardation 
and of unusual skeletal lesions. Fhey do not mention the recently described association of 
neurofibromatosis with osteomalacia nor with phaeochromocytoma, but the café-au-lait spots, as 
might be expected from the observations of a dermatologist, are very fully considered. It would 
appear that anyone with more than five such spots almost certainly has this disease. 

I enjoyed reading this book, and I learned a lot from it.—D. LI. Grirritus. 


SURGERY OF THE HAND. By Sterling BUNNELL, M.D., Honorary Member, American Academy 
of Orthopaedic Surgeons, American Orthopaedic Association, Western Orthopaedic Association, 
Californian Society of Plastic Surgeons, and Sociedad Latino-Americana de Ortopedia y Traumatologia, 
Corresponding Member, British Orthopaedic Association. Third edition. 10} 8 in. Pp. xv+1,079, 
with 1,047 figures and 9 colour plates. Index. 1956. London: Pitman Medical Publishing Co. Ltd. 
Price £7, 7s. 


The first edition of this work appeared in 1944 and received immediate acclaim. A few words 
from the review in this Journal are worth recalling. ‘“* It represents the ideal scientific publication; 
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it is brilliantly original, concise yet thorough, so sincere that the honesty and high intent of the author 
speak in every line.” 

The 734 pages of the first edition have increased to 1,079, illustrating the growth of hand surgery 
during the past twelve years. During these years, the influence of Sterling Bunnell has encircled 
the globe and in every country his pupils practise the art that he has given his life to create—a living 
tribute to a great man. It is difficult to imagine a hand service in which this book and the author’s 
own personality do not influence the daily work. 

The third edition contains numerous additions, the more important being concerned with the 
treatment of the rheumatic hand, reconstruction of the thumb and local ischaemic contracture in 





Fic. 622 


Reconstructing the thumb after loss. (A, B, C, D) Building out the metacarpal, or part of it, by bone grafts 
showing 2 cortical and 1 cancellous grafts. (E, F) For complete loss of the thumb, a post of iliac graft is pinned 
to the trapezium. Thumb posts should be short, thick and just inside the path of movement of the fingers. 
(G) Cortical bone is thrust through the trapezium and the scaphoid and should project well forward to contact 
the fingers as they close on it. A tubular pedicle is first placed to receive the graft. (H to M) Pollicization of 
the index finger. (I) Index metacarpal thrust into that of the thumb. Index shortened by its distal segment. 
(J, K) Proximal and middle phalanx of the index finger thrust into the metacarpal of the thumb. (L, M) 
Metacarpal and proximal phalanges of the index finger transferred on to the trapezium. Index shortened. 


the hand. All aspects of hand surgery receive detailed consideration—principles are laid down, 
techniques are described and results are shown. It is interesting to note that there are no major 
alterations in the text—it is a natural expansion rather than change, a fact which emphasises the 
fundamental soundness of Bunnell’s contributions. 

The work is completed as in the previous edition by a comprehensive and beautifully illustrated 
chapter on tumours of the hand by L. D. Howard. 

Those who do not possess a Bunneli should see to it that they do. Those who already possess a 
well thumbed earlier edition will find added wisdom in the present volume.—R. Guy PULVERTAFT. 
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LESIONS OF THE CERVICAL INTERVERTEBRAL DISC. By R. Glen SpurLiNnG, M.D., 
Professor of Neurosurgery, University of Louisville School of Medicine, Louisville, Kentucky. 
9}x6 in. Pp. xi+134, with 41 figures and 3 tables. Index. 1956. Springfield, Illinois: Charles C. 
Thomas, Publisher. Oxford: Blackwell Scientific Publications. Price 36s. 


The author has followed his monograph on lesions of the lumbar intervertebral discs, published 
in 1953, with one dealing with the same lesion in the cervical portion of the spine. The new volume, 
like the earlier one, is beautifully produced and illustrated and clearly sets out the author’s views 
based on a series of 197 cases of cervical intervertebral disc protrusion. The history of the development 
of knowledge of these protrusions is reviewed and the anatomy of the cervical spine carefully described. 
The pathological changes are reviewed, and due attention is given to the normal reparative processes 
after injury. In the matter of nomenclature the distinction between a localised protrusion of disc 
tissue and diffuse osteophytosis is rightly emphasised; however for some reason the unfortunate term 
** hard disc ” is used to describe osteophytosis confined to a single intervertebral joint when localised 
osteophytosis or localised spondylosis would surely be preferable. Much confusion has already 
arisen in the literature from the use of the term cervical disc protrusion to describe cases of spondylosis, 
localised or diffuse, and the inaccurate expression “ hard disc ” can only add to this. 

The clinical features and diagnosis of cervical disc protrusions are fully discussed. It is emphasised 
that cord compression by a median cervical disc protrusion may be associated with little abnormality 
in the upper limbs. Therefore in the spastic paraplegic with severe disturbance of gait, little upper 
limb dysfunction and no cranial nerve involvement, extensive investigation, including myelography, 
is required before a diagnosis of an untreatable degenerative disease is made. The radiological 
examination of the patient—including myelography—is carefully described, the latter being important 
not only in the diagnosis of median protrusions causing cord compression, but also in the case of 
lateral protrusions with radicular compression. Myelography is performed in the latter cases because 
clinical signs may indicate another level than that affected and because localised osteophytosis may 
be present at one level while the disc protrusion occurs at another which appears normal on plain films. 

In considering therapy the author emphasises his conservative attitude. All patients except 
those with a severe neurological deficit are treated in the first place with intermittent cervical traction, 
usually by means of a halter and occasionally by skull traction. However, it is noteworthy that, 
when this does not relieve pain and the signs of root compression within forty-eight hours, conservative 
treatment is said to have failed and surgery is advised. The technique of surgical management is 
described in detail, a unilateral approach being employed in cases of radicular compression and a 
full laminectomy in cases with cord compression. Of the sixty-one surgically treated cases the result 
of operation was considered excellent in 73-7 per cent, good in 16-3 per cent and poor in 10 per cent. 
Of the 136 cases in which conservative treatment alone was employed the result was regarded as 
excellent in 65 per cent, good in 30 per cent and poor in 3-6 per cent. It seems therefore from the 
author’s figures that the results of even a very short period of conservative treatment fall but little 
short of those following surgical intervention. Since the author states that the specimen removed at 
operation “‘ consists of nothing more than a few strands of dehydrated nucleus pulposus ”’ it would 
seem that conservative treatment merits a more prolonged trial in all cases of lateral cervical disc 
protrusion causing radicular symptoms and signs only. Certainly the approach to this problem of 
most neurological surgeons in this country is far more conservative than that of Dr Spurling and others 
in the United States to whom he refers. 

This monograph is of course a record of the author’s personal approach to the problem of 
lesions of the cervical intervertebral discs and its value is the greater for stating this in unequivocal 
terms. It should be read by all interested in the subject.—J. E. A. O’CONNELL. 


THE TREATMENT OF FRACTURES. By Lorenz BOHLER, M.D., Director of the Accident 
Hospital, Vienna, Professor of Accident Surgery, University of Vienna. Volume I. Translated from 
the Thirteenth German Edition by Hans Tretrer, Helen B. LucHINI, Frank KREUZ, Otto A. RUSSE 
and Robert G. B. BJorNSON. 947 in. Pp. xxxii+1,072, with 1,721 figures and many tables. 1956. 
New York and London: Grune & Stratton. Price £8, 12s. 


One would think that a new edition of ‘* Bohler ’’ must be welcome. Many who were no more 
than students in the early "thirties remember the impact of the teaching of the first few editions, and 
the way in which the Bohler doctrines and the Bohler technique revolutionised fracture treatment 
in many hospitals. The first edition was published in German in 1929. The English translation 
appeared in the same year. It contained 185 pages. It was exciting, not merely interesting. In small 
compass it laid the emphasis on accurate anatomical reduction, on sound wound surgery, on the 
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non-padded plaster, on the use of the limb during plaster fixation, on the avoidance of open reduction, 
and upon “ Bohler ” splints and instruments. It was a classic, and its appearance was an important 
event in the history of surgery. Few books have had so much effect, and few writers on a special 
branch of medicine have achieved so widespread a reputation among practitioners of all branches. 
‘“* Bohler ’’ is almost a household name, familiar to doctors who never see a fracture, far less treat one. 

That first edition was too short. The section on the organisation of fracture treatment occupied 
less than one page, and it was necessary that several chapters should be added in later editions. 
The Smith-Petersen nail, the modern attitude to rehabilitation and other new ideas had to be considered. 
An index was needed. The book, in fact, had to be lengthened; and lengthened it was. The fourth 
edition (1935), until now the last to be translated into English, was three times the size of the first. 
This new, thirteenth, edition has over 1,000 pages in the first volume of its English translation. One 
gathers from the last paragraph of the author’s introduction that there will be three volumes altogether. 
This means that the book will have magnified itself some sixteen times in twenty-seven years. This 
is more than normal growth; can it be justified ? 

Of course, much has happened since 1935. It is almost trite to say so. The introduction of 
antibiotics, the revolution in anaesthesia and in the treatment of shock, the study of the metabolic 
changes after injury, and many similar factors which have altered the face of surgery demand some 
increase in the size of any authoritative “* living” text-book. Unfortunately, it is just these subjects 
which receive least satisfactory consideration, at least in this volume, while the enormous increase in 
bulk is due too often to the inclusion of out-of-date and irrelevant matter, and to unnecessary 
repetition. 

So much space could have been saved. Why must twenty-five pages be given to a chapter on 
the treatment of long-standing infected wounds and infected fractures without sulphonamides and 
penicillin? Apparently because it may happen, especially during a war, that these drugs may not be 
generally available (page 142). There may, therefore, be some little excuse for lengthy discussion of 
this topic, but why mention the ineffectiveness of penicillin in ulcerative colitis, Malta fever and other 
general diseases (page 211)? Photographs of the arrangements for the reception of the wounded in 
Austrian hospitals during the first world war are interesting but hardly essential, and we could have 
been spared the detailed recipe for the fast developer solution used by Professor Béhler’s radiographer. 
A list of forty-nine faults in treating intra-abdominal injuries can hardly be criticised as unduly brief, 
especially when it includes “* omission of excision of one suprarenal gland if soaked in blood.” A list 
of fifty-six faults in the treatment of open fractures of metacarpals and phalanges would also appear 
to be reasonably adequate, especially as it follows one of seventeen essential measures in the treatment 
of such injuries. The treatment of Dupuytren’s contracture and of de Quervain’s disease have got 
into this volume. Indeed, all that appears to have been left out is a lengthy discussion of bacteriology. 

One gathers that Professor Bohler has lost some of his enthusiasm for strong traction. He now 
states that the aim of treatment of shaft fractures must be to produce up to one centimetre of shortening. 
He makes this statement quite distinctly in heavy type at least ten times. The screw tractor, however, 
still appears among his instruments and it is interesting to note that he still uses it even for mid-carpal 
dislocations. The old condemnation of the operative treatment of fractures has been somewhat 
modified. Intramedullary nailing is now advocated only for the femur but otherwise there does not 
appear to be very much change. All fractured spines are still treated in plaster. There are one or two 
remarkable statements. Balsam of Peru is apparently so effective that it permanently prevents 
decomposition of cadavers, and cammomnile tea still has its use in fracture surgery (page 207) in Vienna. 

Somehow, despite all this acquired obesity, the spirit of the book survives. The essence of 
“Bohler”’ is still the same, and though one rather fears that the second and third volumes may 
perhaps exceed the verbosity of the first, for there is only the lower limb left for discussion, the book 
will always have an honoured place on our shelves and I suspect that this edition will be consulted 
much more often than one’s first impressions suggest.—D. Ll. GRIFFITHS. 
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